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standing  of  the  subject. 

Edmund  B.  Weston,  M.  Am.  Soc.  C.  E. ,  presented  to  this  Society, 
in  1884,  an  account  of  some  experiments  made  upon  water  pipes  at 
Providence,  R.  I.,  with  the  view  of  ascertaining  the  maximum  press- 
ure incident  to  the  sudden  stoppage  of  water  in  a  pipe.  -  The  j^ipes 
were  short  and  of  small  diameter.  The  pressures  were  recorded  by  a 
style  which  drew  a  straight  mark  upon  stationary  paper,  and  the  dia- 
gram took  no  account  of  the  oscillations  which  succeeded  the  main 
shock  incident  to  the  stoppage  of  the  current.  The  valve  which 
caused  the  stoppage  occupied  an  appreciable  time  in  closing.  The 
results,  though  praiseworthy  as  an  attemjit  at  the  elucidation  of  an 
impoi'tant  subject,  are  of  limited  practical  value. 

*  See  Transactions.  Vol.  xiv,  p.  338. 
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PRESSURES   RESULTING  FROM  CHANGES  OF 
VELOCITY  OF  WATER  IN  PIPES. 


By  J.  P.  Frizell,  M.  Am.  Soc.  C.  E. 
Presented  October  6th,  1897. 


WITH  DISCUSSION. 

Tbe  i^ressures  that  may  be  generated  in  ipipe  lines  by  the  sudden 
'olosiug  of  valves  or  the  sudden  starting  of  jjumps  have  long  occupied 
the  attention  of  hydraulic  engineers,  and  some  attempts  have  been 
made,  both  experimentally  and  analytically,  toward  a  better  under- 
standing of  the  siibject. 

Edmiind  B.  Weston,  M.  Am.  Soc.  C.  E. ,  presented  to  this  Society, 
in  1884,  an  account  of  some  experiments  made  upon  water  pipes  at 
Providence,  R.  I.,  with  the  view  of  ascertaining  the  maximum  press- 
Tire  incident  to  the  sudden  stoppage  of  water  in  a  pipe.  *  The  pipes 
were  short  and  of  small  diameter.  The  pressiires  were  recorded  by  a 
style  which  drew  a  straight  mark  upon  stationary  paper,  and  the  dia- 
gram took  no  account  of  the  oscillations  which  succeeded  the  main 
shock  incident  to  the  stojipage  of  the  current.  The  valve  which 
caused  the  stop})age  occupied  an  appreciable  time  in  closing.  The 
results,  though  praiseworthy  as  an  attempt  at  the  elucidation  of  an 
important  subject,  are  of  limited  practical  value. 

*  See  Tmn.mctions.  Vol.  xiv.  p.  238. 
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2  FRIZELL   ON    PRESSURE    AND    VELOCITY    IN    PIPES. 

A  somewhat  higher  degree  of  value  can  be  accorded  the  work  of  Pro- 
fessor R.  C.  Carpenter,  of  Sibley  College,  Cornell.  *  In  this  case  the  style 
recorded  the  pressures  on  paper  moving  isochronously,  and  represented 
the  oscillations  succeeding  the  main  shock.  The  jjipes  used  were  of 
small  diameter  and  only  a  little  over  50  ft.  in  length;  being,  according 
to  what  follows,  much  too  short  to  fully  develop  the  pulsation  incident 
to  closing  the  valve,  especially  when  the  closing  is  far  from  being  in- 
stantaneous. Professor  Carpenter  adds  some  theoretical  discussion, 
which  displays  a  comprehension  of  the  elements  of  the  question. 

Professor  I.  P.  Church  has  published  a  paperf  aiming  to  treat  the 
whole  question  in  a  rigorously  exact  manner,  determining  the  pressure 
and  velocity  in  the  pipe  for  different  positions  of  the  valve  while 
closing.     The  results  are  comjalex  and    intricate.     The  writer  makes 

A  C 


"->/ 


B  D 

Fig.  1. 
no  practical  application  of  them,  and  regrets  his  inability  to  pursue 
the  subject  further. 

Recently  this  subject  has  been  brought  into  renewed  prominence 
from  its  connection  with  the  regulation  of  water-wheels  drawing  through 
long  penstocks,  and  from  the  further  fact  that  the  requirements  of 
electric  transmission  call  for  greatly  increased  exactness  in  the  regula- 
tion of  wheels.  Feeling  that  anything  tending  to  a  better  understand- 
ing of  the  subject  would  be  acceptable  under  present  conditions  the 
author  is  emboldened  to  ofifer  the  following  views: 

Assume  a  long  pipe  filled  with  water  (Fig.  1).  Imagine  at  J  J5  a 
piston  to  start  forward.  When  it  has  moved  the  distance  /,  it  has  set 
the  water  in  motion  as  far  as  C  D. 

Let  r  =  radius  of  pipe  in  feet. 

Let  W  ^  weight  of  a  cubic  foot  of  water  in  pounds. 

Let  m  —  modulus  of  elasticity  of  water  =  20  000  atmospheres,  say 
294  000  lbs.  per  square  inch. 

Let  M  ==  modulus  of  elasticity  of  metal  of  pipe,  in  pounds  per 
square  inch. 

Let  T  =  thickness  of  pipe  metal,  in  inches. 

*  Published  in  the  Transactions  of  the  Am.  Soc.  M.  E.,  Vol.  xv.  p.  .MO. 
t  See  the  Journal  of  the  Franklin  Institute.  April  and  May.  IH'.K). 
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Let  /  =  time  occupied  by  the  piston  in  moving  the  distance  /,  in 
seconds. 

Let/=  force  exerted  upon  tbe  water  by  the  piston,  in  pounds  per 
square  inch. 

When  the  piston  has  moved  a  distance  t,  although  it  has  only  moved 
the  center  of  gravity  of  the  mass  L,  a  distance  J  /,  it  has  done  work  in 
compressing  the  water  and  distending  the  pipe  equivalent  to  moving 

the  mass  a  distance  /,  and  imparting   to  it  a  velocity  — .     This  will 

appear  on  reflecting  that,  if  the  compression  and  distension  could  be 
released  without  any  further  obstruction  to  movement,  the  mass  of 
water  would  have  the  motion  stated. 

The  increase  in  the  radius  of  the  pipe  from  the    pressure  /  is 

nrr  =  ■"''• 

Increase  in  cross-section  =  2TtrJr^27t    ,,  „.. 

M  2  • 

Increase  of  vohime  =  Lf  ...,,. 

2  ?• 
Traverse  of  piston  due  to  distension  of  pipe  =  L/  „  „ (1) 

L  f 
Traverse  of  liiston  due  to  compression  of  water  =  ■ — ^ (2) 

m 

Total   traverse  of   piston   in    time   t  :^  I  =  L  fl-irn^-i I  ••. 

•^   \M  T      m  J 

velocity  ^Y^(      ^^^^      )   (3) 

The  total  weight  of  water  set  in  motion  is  n  r^  L  w. 
The  force  acting  to  impart  motion  is  144  7t  r'f  pounds. 
Gravity  acting  freely  would  impart  to  this  mass  a  velocity  of  g  t 
feet  per  second  in  the  time  t.     Therefore  there  results  the  proportion 

—  :  g  t  =^  144  Tt  r'-  f  :  tt  r'-  L  W 
whence 

and  the  velocity  of  the  pulsation  in  the  pipe  is 

t       \  W    2rm^MT ^'^' 

Assuming  a  60-inch  pipe  of  steel  i  in.  thick,  T  =  i,  M  =  30  000  000, 

there  results  v  =  4  272  ft.  per  second. 

If  the  distension  of  the  j^ipe  is  neglected,  by  assuming  an  infinite 

value  for  M,  (5)  may  be  put  in  the  form. 
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g         m 


M  T 

The  assumption  that  no  distension  of  the  pipe  takes  place  is 
equivalent  to  making  31  equal  to  infinity.  On  this  assumption  the 
above  equation  becomes 

^=^  144 -|m  =  4672 (6); 

being  substantially  the  velocity  of  sound  in  water,  which  is  usually 
taken  at  about  4  700  ft.  per  second. 

Instead  of  the  supposition  of  a  jjiston  suddenly  starting  forward, 
imagine  water,  moving  with  a  uniform  velocity  v,  to  be  suddenly 
arrested  by  the  closing  of  a  gate.  Then  the  force  /  is  the  force  acting 
against  the  gate  and  walls  of  the  pipe,  in  excess  of  the  static  pressure, 
and  is  found  thus :  Let  X  be  the  length  of  the  pipe,  and  for  sim- 
plicity suppose  Xto  exceed  —  or  the  value  of  L  when  i  =  1.     In  one 

second  after  closing  the  gate,  the   length  L  is    condensed   into   the 
Length  L  —  v,  and  the  diminution  of  volume  by  compression  is  repre- 

sented  bv  -yr , — ^^=,  and 

jr  M  Tm 

■'"L    2rm-\-MT ^^' 

Taking  v  =  4  ft.,  the  other  symbols  as  before,  then  L  =  4  272 

f  _  A 7  500  000 

-^  ~  4  272  5  X  294  000  +  7  500  000 
=  230  lbs.  per  square  inch. 
It  will  appear  from  (6)  that  /  is  theoretically  independent  of  the 
length  of  the  column  of  water  in  niotion,  i.  e.,  the  length  of  the  pipe. 
This,  however,  involves  the  assumption  that  the  stoppage  is  absolutely 
instantaneous.  Under  practical  conditions,  in  which  the  stoppage 
occupies  an  appreciable  time,  the  force  developed  is  not  independent 
of  the  length.  For  the  purpose  of  experiment,  a  form  of  valve  may  be 
adopted,  causing  an  instantaneous  stoppage,  though  such  valves  are 
ordinarily  avoided.  Assuming  such  a  valve  to  be  used,  upon  closure, 
the  full  pressure  is  instantly  developed  ujjon  the  valve.  The  section 
iuAvhichthe  water  is  coming  to  rest  moves  up  sti-eam  with  the  velocity 
indicated  by  equation  (5).  The  amplitude  of  this  movement  is  only 
limited  by  the  length  of  the  pipe,  above  the  valve,  either  to  the 
reservoir  or  to  the  larger  pipe  from  which  it  branches. 
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Neglecting  the  elasticity  of  the  pipe,  the  time  occupied  by  its  con- 

tents  in  coming  to  rest  is  ^-~z  =  t.     The  water  has  continued  to  flow 
4b72 

into  the  pipe  with  the  undiminished  velocity  r  for  t  seconds  after  the 
closure.     The  compression  of  the  water  in  the  pipe  is  represented  by 

■=,  and  the  force  exerted  on  the  interior  by  vi  -=^  pounds    per   sqiiare 
X  ■        -^ 

inch. 

The  pressure  on  the  valve,  however,  is  not  released  when  the  entire 
contents  have  come  to  rest.  The  water,  now,  through  the  entire 
length  Xis  in  a  state  of  compression  far  above  the  normal,  and  a  release 
and  reversed  motion  takes  place.  This  commences  at  the  origin  of 
the  pii)e  and  moves  toward  the  valve  with  the  velocity  of  equation  (5). 
The  time  therefore  between  the  stoppage  and  the  release  of  pressur(> 
will  be  It.  If  the  normal  static  pressure  in  the  pipe  is/ or  more,  then 
the  pressure  at  the  valve  will  fall  as  much  below  the  normal  at  the 
release  as  it  rose  above  the  same  at  the  closure,  except  in  so  far  as  the 
movement  is  affected  by  fluid  friction,  and  a  series  of  pulsations  with  the 
cyclic  interval  2  /  will  run  through  the  pipe  till  the  movement  dies  out. 

If  the  pipe  branches  from  another  of  larger  diameter,  then,  when 
the  pulsation  of  closure  reaches  the  larger  pipe,  it  will  continue 
through  the  same  with  diminished  intensity,  the  pressure  being  pro- 
portional to  the  velocity.  A  pulsation  of  release  will  return  through 
the  smaller  pipe,  partially  releasing  the  i^ressure  on  the  valve.  The 
pulsation  of  closure  will  reach  the  head  of  the  larger  pipe,  and  a  pul- 
sation of  release  will  return  throiigh  both  pipes,  etc.  A  complex 
system  of  pulsations  will  ensue,  depending  on  the  relative  lengths  of 
the  pipes.  Very  different  is  the  case  when  the  arrest  of  motion  occu- 
pies an  appreciable  time.  The  closing  may  be  siipposed  to  take  place 
by  a  great  number  of  small  steps,  each  of  which  may  be  regarded  as 
instantaneous.  Each  step  occasions  a  certain  diminution  of  velocity 
and  is  accompanied  by  an  increment  of  pressiire.  Each  increment 
runs  to  the  head  of  the  pipe,  is  discharged  and  returns  in  the  same 
manner  and  with  the  same  velocity  as  before.  No  marked  increase  of 
pressure  takes  place  at  the  head  of  the  pipe  during  the  closing.  Every 
increment  of  pressure  originating  at  the  valve  remains  in  force  there  till 
the  pulsation  has  run  to  the  head  of  the  pipe  and  back  to  the  valve. 

It  is  now  possible  to  perceive  clearly  the  defects  of  the  experiments 
made  by  Mr.  Weston  at  Providence,  and  by  Professor  Carpenter  at 
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Cornell.  In  tlie  former  the  valve  was  thought  to  occiipy  0.15  second 
in  closing,  an  interval  sufficient  for  the  pulsation  to  run  600  or  700  ft. 
The  pulsation  lasted  as  long  as  the  closing,  and  its  commencement  had 
extended  far  beyond  the  limits  of  the  pipe  before  the  valve  was  fully 
closed.  Of  course,  the  full  pressure  due  to  the  closure  was  not 
developed.  To  obtain  this  i)ressure  the  pipe  should  be  so  long  that 
the  valve  is  fully  closed  before  the  commencement  of  the  pulsation 
reaches  the  head  of  the  pipe  and  returns.  The  inquiry  was  further 
complicated  by  using  a  series  of  pipes  of  different  diameters  running 
from  li  ins.  up  to  6  ins.,  the  longest  being  75  ft. 

In  Professor  Carpenter's  experiments,  first  series,  there  was  a  2-in. 
pipe  30  ft.  long  containing  the  valve,  then  33  ft.  of  2^-in.  pipe,  then 
150  ft.  of  3-in.,  then  375  ft.  of  G-in.  In  the  second  series  there  was  a 
1^-in.  pipe  53^  ft.  long  leading  from  a  tank.  The  valve  was  thought 
to  occupy  0.023  second  in  closing,  an  interval  long  enough  to  allow 
the  pulsation  to  run  100  ft.  In  none  of  these  experiments  could  the  full 
pressure  due  to  closing  have  been  developed.  In  some  of  the  experi- 
ments an  air  chamber  was  added  to  the  complications  incident  to  diflfer- 
ent  sizes  and  inadequate  lengths  of  pipes.  In  all  experimental  inquiries, 
the  phenomenon  under  investigation  should  be  produced  as  free  as  pos- 
sible from  the  interference  and  superposition  of  extraneous  phenomena. 

The  preceding  results  appear  to  be  all  that  are  necessary  for  the 
case  of  total  instantaneous  arrest  of  motion.  The  closeness  with 
which  the  formula,  with  proper  modifications,  represents  the  velocity 
of  sound,  may  be  accepted  as  a  guaranty  that  it  is  well  grounded.  In 
fact,  by  taking  the  velocity  of  the  pulsation,  in  all  cases,  equal  to  that 
of  sound,  the  resulting  error  would  be  less  than  one-tenth  in  a  5-ft. 
steel  pipe,  and  in  cast-iron  pipes  of  ordinary  size  the  error  would  be 
negligible  for  ordinary  purposes. 

In  this  case  (total  instantaneous  arrest  of  motion)  guidance  is 
aftbrded  by  these  considerations :  The  flow  into  the  pipe  continues  with 
unabated  velocity  from  the  instant  of  stoppage  till  the  arrival  of  the 
pulsation  at  the  head  of  the  pii^e.  Tliis  determines  the  qiiantity  the  water 
above  the  normal,  in  the  pipe  at  that  instant,  and  its  conseqiient  condi- 
tion of  pressure.  For  any  given  pipe  no  error  is  made  in  taking  the  pres- 
sure consequent  on  the  arrest  of  motion  proportional  to  the  velocity. 

Save  as  to  very  small  pipes  of  short  length,  the  case  of  sudden  and 
total   arrest   of   motion   is    not    within  the  range    of    consideration. 
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The  ordinary  case  is  that  of  a  gradual  arrest  of  motion.  Even  in  this 
<?ase,  the  preceding  results  can  give  all  the  aid  required  for  practical 
l)urposes.  The  general  method  is  this  :  Find  the  interval  t  required 
for  a  pulsation  to  traverse  the  pipe.  Then,  the  diminution  of  velocity 
effected  during  twice  this  interval  may  be  regarded  as  a  velocity  in- 
stantaneously arrested,  and  the  pressure  deduced  from  this  supposition 
will  be  the  pressui'e  resulting  from  the  diminution  of  velocity. 

A  common  question  is:  "What  is  the  maximum  pressure  that 
could  result  from  closing  a  pipe,  in  a  given  time,  at  a  uniform  rate  ?" 
The  velocity  will  diminish  more  rapidly  as  the  movement  proceeds, 
the  diminution  being  most  rapid  near  the  close.  Suppose  the  interval 
2  ;!  to  expire  at  the  close  of  the  movement.  Find  the  position  of  the 
gate  and  consequent  velocity  at  the  beginning  of  that  interval.  Find 
the  pressure  P  that  would  result  from  the  instantaneous  arrest  of 
this  velocity.  A  pressure  very  near  F  must  have  existed  at  the  com- 
mencement of  the  interval  2  t.  Correct  the  velocity  accordingly,  and 
recompute  P,  etc.  By  such  methods  results  sufficiently  correct  for 
practical  purposes  can  be  obtained. 

The  most  important  bearing  of  these  principles,  as  already  indi- 
cated, is  in  the  regulation  of  water-wheels  supplied  by  long  penstocks. 
As  an  instance  of  the  difficulties  liable  to  occur  in  such  applications, 
consider  the  power  plant  of  the  Pioneer  Electric  Power  Company  of 
Ogden,  Utah.* 

The  length  of  the  pi^^e  line  is  given  as  31  000  ft.,  a  length  requiring 
more  than  7  seconds  for  a  pulsation  to  traverse,  and  implying  a  cyclic 
interval  of  more  than  14  seconds.  The  pipe  is  designed  for  a  maxi- 
mum velocity  of  9  ft.  per  second,  the  sudden  arrest  of  which  would  in- 
volve, according  to  what  precedes,  a  pressure  above  the  normal  of  over 
500  lbs.  per  square  inch.  The  normal  i)ressure  in  the  pipe  at  the  i^ower 
house  is  said  to  be  500  ft.  head,  or  about  217  lbs.  per  square  inch. 

In  this  condition  suppose  a  sudden  falling  off  of  oue-tifth  in  the 
demand  for  power.  By  suddenly  diminishing  the  draft  of  water,  and 
consequently  the  velocity  in  the  pipe,  by  one-fifth,  the  pressure  in  the 
pipe  is  increased  by  100  lbs. ,  nearly  50%,  and  for  a  few  seconds  the 
power  would  be  increased  rather  than  diminished  by  closing  the  gates. 
Consider  again  the  return  pulsations,  lowering  the  pressure  much 
below  the  normal,  and  some  idea  is  obtained  of  the  difficulties  attend- 
ing the  maintenance  of  a  uniform  speed  under  such  conditions. 

*See  Ti-ansactions,  Vol.  xxxviii,  p.  246. 
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DISC  USSION. 


Mr.  Hering.  BuDOLPH  Heking,  M.  Am.  Soc.  C.  E. — The  assumijtion  upon  which 
the  argument  of  this  pajjer  is  based  is  found  in  the  following  para- 
graph: "the  diminution  of  velocity  effected  during  twice  "  the  inter- 
val required  for  a  pulsation  to  traverse  the  pipe  ' '  may  be  regarded  as 
a  velocity  instantaneously  arrested,  and  the  pressure  deduced  from 
this  supposition  will  be  the  jjressure  resulting  from  the  diminution  of 
velocity." 

It  would  be  well  if  the  author  had  stated  his  reasons  for  this 
assumjition  more  fully.  He  leaves  the  reader  in  some  doubt,  and  yet 
this  assumption  is  really  the  foundation  of  the  paper. 

It  would  also  be  of  interest,  if,  in  addition  to  a  reference  to  the 
plant  of  the  Pioneer  Electric  Power  Company,  of  Ogden,  Utah,  a  com- 
parison of  the  results  of  the  author's  formula  had  been  made  with  the 
experiments  of  Mr.  Weston  and  Professor  Carpenter  which  he  criti- 
cises In  view  of  the  fact  that  opportunities  for  properly  conducting 
such  experiments  are  rare,  the  making  of  even  imperfect  sets  of  ex- 
l^eriments  should  rather  be  encouraged.  Imperfect  or  incomplete  con- 
ditions are  sometimes  the  only  ones  available,  and  must  be  taken  in 
order  to  secure  any  results  whatever.  A  number  of  such  incomplete 
experiments,  if  rightly  interpreted,  might  yet  make  a  sufficiently  good 
basis  upon  which  to  support  a  theory. 
Mr.  Goklmark.  Henry  GrOLDMARK,  M.  Am.  Soc.  C.  E. — The  paper  under  discussion 
is  an  interesting  attemjat  to  express  in  mathematical  language  the  in- 
crease in  pressure  resulting  from  the  sudden  stoppage  of  water  flowing 
in  a  pipe.  The  fact  of  such  increase,  is,  of  course,  well  established, 
though  few  exact  measurements  of  its  magnitude  have,  as  yet,  been 
made.  The  theoretical  values  obtained  by  the  author's  formulas  are 
higher  than  those  which  have  generally  been  used  in  designing.  For 
this  reason  it  is  all  the  more  desirable  that  their  correctness  should  be 
practically  tested  by  an  extended  series  of  experiments  on  hydraulic 
plants  in  actual  operation. 

In  the  meantime,  it  is  clearly  necessary  to  provide  for  considerable 
sudden  fluctuations  in  hydraulic  pressure,  in  designing  high  pressure 
conduits.  It  must  be  remembered,  however,  that  such  fluctuations 
can  be  reduced  to  a  minimum  l)y  the  use  of  proper  valves  and  connec- 
tions, and  more  especially  by  the  insertion  of  a  sufficient  number  of 
large  relief  pipes  or  openings  in  the  main  conduit.  In  designing 
the  plant  of  the  Pioneer  Electric  Power  Company,  to  which  the 
author  refers,  especial  attention  was  given  to  methods  of  reducing 
excessive  differences  of  jn-essure.  The  plans  of  the  Chief  Engineer,. 
C.  K.  Bannister,  M.  Am.  Soc.  C.  E.,  provided  for  two  large  relief  i)ipes 
or  shafts  near  the  lower  end  of  the  conduit,  which  allow  the  water  to 
rise  and  overflow  in  case  the  flow  is  suddenlv  shut   off  below.     In 
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applying  his  formulas  to  this  ciise,  the  author  appears  to  ])e  in  error,  Mr.  (ioidmark 
as  he  substitutes  in  his  equation  the  total  length  of  the  conduit  from 
the  nozzles  in  the  power  house  to  the  reservoir,  a  distance  of  31  ()(K) 
It.,  but  does  not  in  any  way  take  these  large  relief  oi^enings  into 
account.  They  would  certainly  modify  the  results  obtained  very  con- 
siderably, as  they  were  carefully  i)laced  in  such  a  way  as  to  allow  pul- 
sations to  travel  through  them  almost  as  freely  as  through  the  main 
conduit.  For  this  reason  the  -iO-in.  Avooden  relief  pipe  which  leaves 
the  6-ft.  steel  pipe  at  its  first  elbow  was  with  some  difficulty  so  con- 
structed as  to  make  an  angle  of  only  30^  with  the  main  conduit. 

Notwithstanding  these  outlets,  thei'e  will  undoubtedly  be  a  decided 
momentary  rise  in  pressure,  with  sudden  changes  in  loading.  As  far 
as  the  strength  of  the  lower  end  of  the  conduit  and  its  connections  are 
concerned,  it  is  believed  that  ample  safety  was  secured  by  increasing 
the  static  pressure  by  50%  in  proportioning  all  details.  Even  under 
this  pressure  the  strains  in  the  steel  probably  nowhere  exceed  14  UOO 
to  15  000  lbs.  jier  square  inch, — very  low  stress  for  the  excellent  ma- 
terial used. 

To  obtain  a  uniform  velocity  of  motion  in  the  machinery,  under 
sudden  fluctuations  in  pressure,  dependence  is  placed  on  heavy  fly 
wheels  and  a  very  efficient  combined  mechanical  and  electric  governor. 
It  is  hoped  that  this  governor,  which  is  exceedingly  rapid  in  its  action 
and  has  been  successfully  used  in  California  for  some  time,  will  suffice 
to  give  a  high  degree  of  steadiness  to  the  motion  of  the  machinery. 
Its  previous  use  in  the  case  of  electric  light  plants  makes  this  expecta- 
tion a2:)pear  not  unreasonable. 


CORRESPONDENCE. 


Theeox  a.   Noble,  M.  Am.  Soc.   C.  E. — The  writer  is  very  much  Mr.  Noble. 
pleased  to  see  the  subject  taken  up  and  hopes  that  it  will  receive  the 
attention  it  deserves  and  will  lead  to  a  thorough  practical  investiga- 
tion. 

It  is  to  be  regretted  that  the  author  could  not  have  supplemented 
his  analysis  with  an  account  of  some  tests  to  show  that  the  formulas 
(^ould  be  used  Avith  safety.  Such  an  investigation  following  his  analy- 
sis would  be  very  valuable,  and  it  is  to  be  hoped  that  some  engineer 
who  has  the  opportunity  will  find  out  what  actually  occurs  in  a  long 
pipe  line  of  uniform  diameter  when  the  water  is  suddenly  shut  off. 
There  would  seem  to  be  no  special  difficulty  in  obtaining  such  a  record. 

The  writer  has  found  some  difficulty  in  following  the  author's 
method  of  solution,  and  cannot  agree  with  him  in  some  j^articulars. 
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Mr.  Noble.  To  bring  these  differences  out  more  clearly,  tlie  following  soh;tion  is 
offered  for  criticism. 

The  length  of  pipe  L  is  taken  as  indefinite,  and  afterwards  (in  de- 
termining/) it  is  taken  to  be  the  length  the  pulsation  will  travel  in 
one  second.  It  seems  to  the  writer  that  for  a  proper  analysis  L  should 
be  taken  as  the  total  length  of  the  pipe  from  the  point  of  entrance  to  the 
l)oint  of  closing.  The  pressure/  would  not  be  the  same  at  all  jjoints, 
but  would  be  0  at  the  entrance,  and  greatest  at  the  point  of  closing. 
The  compression  of  the  water  and  expansion  of  the  pipe,  being  pro- 
portional to  /.  would  also  be  0  at  the  entrance  and  greatest  at  the 
Ijoint  of  closing.  This  does  not  seem  to  have  been  taken  into  account 
h\  the  author  in  his  analysis.  His  formulas  (1)  and  (2)  for  disijlacement 
by  compression  and  expansion  are  multiplied  by  /,  the  greatest  press- 
ure at  the  point  of  closing,  whereas  the  amount  of  expansion  and 
compression  is  determined  by  the  average  pressure,  which,  in  a  pipe 
of  uniform  diameter  and  cross-section,  would  be  ^/. 

The  writer  bases  his  solution  on  the  assumption  that  the  energy 
stoi'ed  up  in  the  water  is  equal  to  the  energy  expended  in  the  com- 
pression of  the  water  and  the  expansion  of  the  pipe,  which  would  be 
theoretically  correct  if  both  materials  were  perfectly  elastic.  The  re- 
sulting formula  for  the  length  of  jjulsation  would  be  the  same  as  the 
author's  if  the  average  pressure  had  been  taken  as /instead  of  ^/. 
The  formula  for/  seems  to  bring  nearly  the  same  result  as  the  author's 
formula,  with  the  same  difference  due  to  the  assumption  of  the  average 
jaressiire. 
Let 
g  =  acceleration  due  to  gravity  =  32. 186 

W  =  weight  of  1  cu.  ft.  of  water  at  62^  Fahr.   =  62.366 

M  =  modulus  of  elasticity  of  steel  =  30  000  000 

m^  "  "  water  =  294  000 

R  =  radius  of  the  pipe  in  feet. 
T=  thickness  of  the  metal  in  the  pipe,  in  inches. 
L  =  total  length  of  pipe  in  feet. 

/  =  the  time  consumed  in  compressing  the  water  and  expanding  the 
pipe  after  the  gate  is  closed. 
m'  ==  mass  of  the  moving  water. 

/=  the  increase  of  pressure  at  the  point  of  closing,  in  lbs.  per  sq.  in. 
r  —  velocity  of  water  in  the  pipe  just  before  closing. 
/'  =  the  displacement  along  the  axis  of  the  pipe,  due  to  expansion  of 

the  metal,  in  feet. 
/"  =  the  same  due  to  compression  of  the  water. 
/  —  /'  -[-  /"  =  total  displacement  of  water  in  the  i)ipe,  measured  along 

the  axis,  in  feet. 
e  =  elongation  of  the  circumference  of  the  pipe. 
e'  =  increase  in  diameter  of  i^ipe.  in  feet. 
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E  =  total  ouergy  iu  the  water  at  the  time  of  closing  the  valve,  in  foot-  Mr.  Noble. 

l^ounds. 
p  =  Strain  on  the  metal,  iu  lbs.  per  square  inch. 

„       WTtR^Lr-         '' 

'- W~    ^'' 

E  also  =  average  energy  used  in  exjsanding  and  compressing  the 
water  times  the  total  displacement. 

Average  pressure  on  the  area  of  the  pipe  =  144  Tt  R-  ' 

E=lUTt  R-  -^^  I (2) 

^also  =  \  m'  )•-,  in  which  »  =  --  =  velocity  of    displacement    and 
/«'  =  mass  of  water  in  motion. 

^^        2gp-    ('^^ 

From  equations  (2)  and  (3): 

2  2g  t^ 

t^       wi    '  ' 

Expansion  of  the  pipe.     Determination  of  L': 

(I      \  ^  2^  (     ^      \      strain 

2lF7i  )  \2"ZR  / 

n  R-f       ,       R"  f       .  •      T        , 

e  =  ^  ....,,   e   =■  ^r. —  =  increase  m  diameter. 
2  M  J  M  t 

Increase  of  area  iu  pipe  =  tt  (  i?  -j — ~  )   —  n  R' 

=  '(«■■■+ 0 

e'"  is  so  small  that  it  may  be  neglected.     The  increase  of  area  would 

^.       .      7t  R^  f  ]  r  /•   ^   ^' 

then  be —  .     Increase  in  volume  oi  the  pipe  =^  L  f    ..-  „, 

T> 

Displacement  along  the  axis  due  to  exi:)ansiou  r=  I'  =^  L  f  . 

Compression  of  water  in  ilte  pipe.     Determination  of  /". 

\  2  /  L   stress 

/' '  strain 

'■■-H p' 


T,r  p  \  I  /  ,,         \2r/        stress 
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(6) 


.:,M...No.e.  J  =  ,^,,^J^,     (i  +  /^) 


From  equations  4  and  6: 

L  _  144/^ 


Which  is  the  same  as  the  author's  formula  with  the  excejitiou  of 
_  f 

y  2,  due  to  the  difference  in  assuming  the  average  pressure  =  "9  • 

Assuming  a  60-in.  pipe,  \  in.  thick, 

—  =  6  044  ft.,  which  divided  by  -/2"=  4  274  ft. 
Determination  off: 

From  (1)  and  (2)     144  tt  i?^  /-/_  ^  W  7t  R' Lv 

2  2  g 

Substituting  (6)  for/:    144  i  ^  (  i-  +  ^_  )  =  i!^' 

V  2to  "^  3/  t) 
f——    I  ^  «       rWj  ^mM  T     \       .^^ 

^  ^2m~^  MtJ 
With  a  60-in.  pipe,  5^  in.  thick,  r  =  4  ft.  per  second, 

/=  325.4,  which  ^  \/2  =  230. 
By  the  author's  formula/  =  230. 
With  a  72-in.  pipe,  -to  in.  thick,  v  =  9  ft.  per  second. 

/  =  760,    which  ^  V  2  ==  538. 
By  the  aiithor's  formula/  =r  560. 
With  a  22-iu.  pij^e,  ^  in.  thick,  v  =  4:  ft.  per  second. 

/=  344,  which  -^    \/^=  243. 
By  the  author's  formula/ =  256. 

The  last  calculation  refers  to  the  conditions  prevailing  in  the 
Fresno  power  plant  in  which  so  much  trouble  was  experienced  with  the 
ordinary  relief  valve. 

It  would  seem  to  the  writer  that  this  defect  in  the  efficiency  of  the 
relief  valve,  which  is  caused  by  the  valve  closing  suddenly  after  the 
pressure  is  relieved,  could  be  wholly  remedied  by  designing  the  valve 
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with  a  slow  closiug  attachment,  by  whifh  the  length  of  time  consumed  Mr.  Noble, 
in  closiug  could  be  regulated  to  suit  the  time  reqiiired  to  relieve  the 
energy  stored  in  the  water  when  the  valve  is  open.  The  suri)lus  en- 
ergy in  the  water  would  then  be  consumed  in  friction  in  ])assing 
through  the  valve  instead  of  compressing  the  water  and  ex])andingthe 
pipe,  and  thus  prevent  the  continued  pulsations. 

The  writer  has  designed  such  a  valve,  which  he  expects  to  try  in  a 
jjlant  similar  to  the  Pioueer  Power  Plant  to  determine  its  efficiency. 
Something  of  the  kind  is  very  much  needed  to  protect  long  pipe  lines, 
l)articu]arly  in  power  jilants  connected  with  long  pijjes  under  2>rossure, 
■where  the  flow  in  the  pipe  is  constantly  changing  and  always  liable  to 
be  suddenly  stopped. 

Charles  "W.  Sherman,  ,Juu.  Am.  Soc.  C.  E. — The  author's  formula  Mr.  Sherman 

(1)  is  evidently  derived  as  follows: 

r  f 
Stress  (hoop  tension)  in  pipe  ^  -^    per    unit    of  area.       Increase 

in  circumference  then  =  -.Vttt  in  one  unit,  and  total  increase  in  cir- 
M  T 

cumference  =  2  n  r  .,,,,• 

M  r 

,-2     f 

Then  A  r  ^^   ,'   •       But  this  is  true  onlv  for  a  homogeneous  system 

of  units;  /.  e.,  if  L  and  /•  are  in  feet,  7'miist  also  be  in  feet,  and  M  and 
m  in  i)Ounds  per  square  foot. 

With  this  correction  in  the  meaning  of  the  symbols,  the  avithor's 
formulas  are  correct,  except  that  the  144  should  be  dropped  from  for- 
mulas (4),  (5j  and  (6),  and  from  the  intermediate  work. 

Then  in  the  case  of  a  60-in.  steel  jjipe,  \  in.  thick,  /•  =  2.5,  T  =  -/«-, 
.V  =  144  X   30  000  000,  m  =  144   x   294  000,  g  =  32.16,    W  =  62.5, 

and   there'    results      —    =2  549  ft.    per  second,   instead  of  4  272  ft. 

per   second.     Neglecting  the  distension  of  the  pipe,  as  in  formiila  (6), 

-     =4  667  ft.  per  second,  or  practically  the  same  result  as  obtained 

by  the  author. 

The  writer  fails  to  see  that  the  fact  of  the  velocity  of  sound  in 
water  being  practically  the  same  as  the  figure  last  obtained  has  any- 
thing to  do  with  the  question,  either  as  confirmation  or  otherAvise. 

This  discussion  has  considered  only  the  interior  pressure  of  the 
water  on  the  pipe,  and  is  correct  only  when  there  is  no  jjiessure,  ex- 
cept that  of  the  atmosphere,  from  w  ithout.  With  the  })ipe  in  a  trench 
and  covered,  the  external  pressure  would  be  considerable,  perhaps 
enough  so  that  it  would  be  more  correct  to  use  the  formula  Avhich 
neglects  the  elasticity  of  the  pipe. 

Again,  the  formulas  have  been  derived  on  the  assumption  of  a  uniform 
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Mr.  Sherman,  jjressure/  throughout  the  length  L,  while,  as  a  matter  of  fact,  the  press- 
ure is  decreasing  from  a  maximum  at  the  piston  to  zero  at  a  distance 
L.  Assuming  that  the  pressure  decreases  uniformly,  the  maximum 
pressure  at  the  piston  would  be  2  /,  if  /  represents  the  average  press- 
ure. This,  however,  does  not  affect  the  derivation  of  the  formulas, 
but  it  must  be  borne  in  mind  that  the  /  derived  from  formula  (7)  is 
the  average  pressure,  and  that  the  maximum  pressure  is  2/. 

By  formula  (7),  if  v  =  4  ft.  per  second,  and  —  =  2  549   ft.,  /  = 

138  lbs.  per  square  inch.     The  maximum  pressure  =  2/  =  276  lbs. 
per  square  inch. 

If,  however,  the  elasticity  of  the  pipe  be  neglected,  the  formula 
becomes 

With  V  =  4  ft.  per  second,  X  =  4  607  ft.,  there  results  /  =  252  lbs. 
per  square  inch,  and  2/  =  504  lbs.  per  square  inch. 
Mr.  LeConte.  L_  J.  Xje  Conte,  M.  Am.  Soc.  C.  E. — The  subject  selected  by  the 
author  is  one  which  is  growing  in  importance  every  day,  and  is  very 
complex.  The  writer  has  given  much  attention  to  it,  both  from  a 
theoretic  and  i^ractical  point  of  view,  .since  December,  1876,  when  he 
wrote  his  first  monograph.  In  the  case  now  under  discussion  there 
are  several  distinct  classes  of  danger  to  guard  against  which  must  not 
be  confounded: 

First. — Dangers  peculiar  to  low  heads— large  volumes  of  water  in 
motion  at  moderately  high  velocities,  and  moderately  heavy  iron  in 
the  penstock  pipe  line,  naturally  of  large  diameter. 

Second. — Dangers  peculiar  to  high  heads — small  volumes  of  water 
under  high  pressure,  very  high  velocities,  and  very  heavy  iron  in  the 
penstock  pipe  line,  which  is  naturally  of  small  diameter. 

These  are  the  extreme  cases  generally  met  with  in  jaractice.  In  the 
first  case  there  is  ordinarily  much  more  danger  to  be  feared  from 
water-ram  than  in  the  second.  This  arises  from  the  fact  that  the 
"  shock"  has  to  be  sustained  by  the  large  pipe — made  of  thin  iron — 
and  the  usual  thickness  given  to  meet  the  normal  jiressures  allows  a 
very  small  margin  over  and  above  to  resist  water-ram. 

In  the  second  case  there  is  generally  much  less  to  be  feared  from 
water-ram,  for  similar  reasons,  namely,  the  penstock  is  a  small  pipe  of 
heavy  iron,  and  although  the  velocity  is  higher,  yet  the  column  of 
water  is  smaller,  and  the  heavy  iron  pipe,  with  the  usual  factor  of 
safety,  offers  a  much  wider  margin  to  meet  water-rams.  This  advan- 
tage in  favor  of  high  heads,  however,  is  almost  entirely  obliterated  by 
another  and  much  greater  difficulty  encountered  in  closing  the  gates 
under  heavy  pressure  as  com^jared  with  those  manipulated  under  low 
pressures. 
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The  general  law  bv  which  the  gate  should  be  closed  is:  The  disc  Mr.  LeConte. 
shall  be  so  moved,  during  the  entire  time  of  shutting,  that  equal 
quantities  of  water  shall  be  cut  off  in  equal  intervals  of  time.  This 
means  that  the  column  of  water  shall  be  stopped  or  brought  to  rest 
by  uniformly  retarded  motion,  and  at  the  same  time  the  ram  pressure 
developed  shall  not  exceed  a  certain  safe  limit  which  may  be  adopted. 

Under  very  high  heads  the  closing  of  the  gate  has  no  appreciable 
effect  in  cheeking  the  column  of  water  until  tiie  gate  is  almost  closed. 
The  last  inch  before  closing  is  where  the  trouble  and  danger  comes  in, 
and  where  all  the  time  in  shutting  is  exiiended. 

In  manipulating  the  valve  there  is  such  a  very  slight  difference 
between  an  effect  of  "no  ram  pressure"  and  a  "  500-lb.  ram  press- 
ure," that  any  ordinary  m3chanisni  cannot  meet  the  delicate  motions 
Avhich  the  case  requires.  Tlio  i)rol)lem  is  still  further  complicated  by 
pulsations  in  the  pipe  line. 

An  unusual  case  came  under  the  writer's  observation,  whei-e  a 
30-in.  wrought  iron  pipe  line  had  a  gate  located  at  a  point  some  ten 
miles  from  the  inlet.  When  it  became  necessary  to  close  this  valve 
it  took  three  hours  of  most  careful  manipulation  to  shut  down  the 
last  inch.  This  valve  was  soon  after  removed  to  a  point  nearer  the 
inlet. 

Gardner  S.  WrLtiAiis,  Assoc.  M.  Am.  Soc.  C.  E. — The  writer  would  Mr.  Williams. 
not  ventui'e  to  submit,  in  a  discussion  of  so  exact  and  scientific  a  pajjer 
as  this,  such  unscientific  and  even  crude  memoranda,  were  it  not  that 
the  literature  on  the  subject  is  extremely  limited,  and  anything  which 
may  throw  ever  so  little  light  iipon  it  seems  worthy  of  consideration. 

The  conditions  under  which  the  following  results  were  obtained 
were  in  no  way  ideal,  and  the  observations  themselves  were  made  by 
an  inexperienced  observer,  with  only  an  ordinary  Bourdon  pressure 
gauge,  as  a  part  of  the  gate  inspection. 

The  engines  running  during  the  observations  were  two,  which  were 
pumping  into  three  42-in.  mains;  connecting  gates  being  open  and  the 
water  free  to  go  through  all.  Cross  lines  were  connected  to  these  mains 
supplying  adjacent  territory  at  points  about  400  ft.  apart  for  their 
entire  length,  the  diameter  of  the  largest  being  12  ins.  The  system 
was  operating  by  direct  pressure,  the  standpipe  being  disconnected 
from  it.  The  velocity  was  probably  greatest  in  the  main  experimented 
upon,  as  it  was  the  newest  and  most  direct. 

The  observations  d,  h,  c  and  '/  were  taken  about  thirty  days  apart. 
The  high  values  for  the  inci'ease  of  pressure  shown  in  observation  u  on 
gates  4  and  5  look  suspicious  and  i)robably  indicate  a  gauge  reading  at 
least  5  lbs.  too  high.  As  bearing  upon  the  value  of  the  gauge  readings 
for  any  purpose  except  the  direct  comparison  of  successive  readings, 
it  is  to  be  added  that  the  initial  pressiires  given,  when  compared  with 
the  reading  of  a  Crosby  pressure  recorder  at  the  pumping  station,  fail 
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Mr.  wuiianu>.  to  show  a  loss  of  head  between  the  two  points  that  a^jpears  consistent 
with  each  other  or  with  probable  conditions;  but  whatever  error  may 
exist  in  these  readings,  with  reference  to  extraneous  data,  the  writer  sees 
no  reason  to  question  the  value  of  the  observations  themselves,  except 
as  above  noted,  in  showing  the  results  obtainable  with  such  appa- 
ratus under  such  circumstances.  The  readings  are  probably  cor- 
rect within  1  lb.  and  the  time  of  closing  the  gate  correct  within  ten 
seconds.  The  discs  of  the  gate  were  operated  by  a  hydraulic  cylinder, 
an  index  on  the  stem  showing  when  the  gate  was  opened  or  closed. 
The  gauge  was  connected  to  the  up-stream  side  of  the  gate  by  about  2 
h.  of  f-in.  pipe,  at  a  point  not  more  than  12  ins.  from  the  discs.  The 
revolution  counters  on  the  engines  are  read  hourly,  and  from  these 
readings  the  apjiroximate  velocity  was  estimated.  The  variation  of 
consumption  during  the  time  may  easily  have  made  the  velocity  quite 
different  from  the  estimate  at  the  time  of  the  observation. 

Table  Showing  Observed  Effect,  on  Bourdon  Pkessure  Gauge  in 
Gate  Well,  of  Closing  Hydraulic  Gate  on  42-in.  Main  at 
Detroit. 
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*  Recording  gauge  at  pumping  station  showed  a  rise  of  0.5  to  1.0  lb.  at  this  time. 


CORRESPONDENCE   ON   PRESSURE   AND   VELOCITY   IN    PIPES.    17 

J.  P.  FkizeiiL,  M.  Am.  Soc.  C.  E. — The  author  finds,  in  reviewing  Mr.  Frizell. 
the  jjaper,  that  he  has  stated  some  points  too  elliptically  and  with  too 
little  elaboration;  forgetting  that  words  do  not  carry  the  same  force  to 
the  minds  of  others  as  to  his  own.  As  to  the  difficulty  found  by  Mr. 
Hering,  let  this  be  said :  Consider  water  moving  in  a  pipe  and  a  gate 
closing  to  arrest  the  motion.  Counting  from  any  given  instant,  each 
infinitesimal  diminution  of  velocity  carries  with  it  an  infinitesimal 
increment  of  pressure.  These  increments  accumulate  till  the  first  has 
had  time  to  run  to  the  head  of  the  pipe  and  back.  At  that  instant, 
the  aggregate  diminution  of  velocity  is  that  due  to  the  time  It  and 
the  increase  of  pressure  is  the  same  as  if  this  diminution  had  taken 
place  instantaneously. 

The  difficulty  in  using  the  experiments  of  Mr.  Weston  and  Professor 
Carpenter  is  explained  in  the  paper. 

As  to  Mr.  Noble's  view  that  the  pressure  /  should  be  0  at  the  en- 
trance to  the  pipe,  this  appears  to  the  author  to  be  a  misconception. 
Referring  to  the  diagram,  Fig.  1,  suppose  the  water  to  be  moving 
from  (7  toward  A,  and  ^  5  to  be  a  gate  instantaneously  closed.  Let 
C  D  be  the  section  in  which  the  water  is  in  the  act  of  coming  to  rest. 
Between  G  D  and  A  B  every  particle  is  at  rest;  between  CD  and  the 
origin  of  the  pipe  every  particle  is  moving  with  full  velocity.  The 
force  producing  compression  is  dei'ived  from  the  loss  of  velocity.  This 
is  obvious  as  regards  the  entire  mass.  It  is  equally  true  as  regards 
each  individual  jiarticle  of  the  mass.  Every  particle  which  has  come 
to  rest  has  undergone  the  full  compression  due  to  the  act  of  coming 
to  rest.  Therefore  all  the  particles  between  A  B  and  C  D  are  in  the 
same  state  of  compression  and  the  pressure  is  uniform. 

The  author  difiers  from  Mr.  Sherman  in  holding  that  it  is  a  con- 
firmation of  the  truth  of  a  formula  to  find  it,  with  suitable  modifica- 
tions, representing  well-known  physical  laws.  Mr.  Sherman's  state- 
ment that  the  author  is  in  error  in  assuming  the  pressure  uniform  is 
answered  above. 

The  paper  attemjits  to  deal  with  an  important  engineering  problem 
from  a  mathematical  point  of  view,  and  therein  differs  from  the  gen- 
eral character  of  the  papers  presented  to  the  Society,  which  more  com- 
monly deal  with  experimental  and  practical  results.  By  way  of 
excuse  for  this  departure,  the  author  would  observe  that,  while  no 
formula  which  rests  wholly  upon  theoretical  considerations  can  be 
used  with  confidence,  it  is  nevertheless  true  that  a  clear  comprehension 
of  the  theory  of  a  subject  is  a  necessary  and  indispensable  preliminary 
to  any  intelligent  experiment. 

The  paj^er  was  written  with  the  expectation  that  it  would  lead  some 
one  possessed  of  the  necessary  means  to  an  experimental  study  of  the 
subject.  A  municipal  engineer  in  charge  of  a  long  line  of  pipe  could 
readily  make  the  necessary  experiments.     What  is  required  is:  (1)  A 
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Mr.  Frizell.  slight,  but  instantaneous,  change  of  velocity  in  the  pipe;  (2)  a  i^encil 
representing,  by  the  amplitude  of  its  movement,  the  pressure  of  the 
water;  (3)  a  band  of  paper  moving  isochronously  and  arranged  to  re- 
ceive the  mark  of  the  jDencil. 

For  the  first,  the  author  suggests  a  hydrant  near  a  long  line  of 
pipe.  Apply  to  it  a  clack  valve,  which,  on  release,  will  strike  dead 
against  its  seat  and  arrest  the  movement  of  the  water.  Means  must 
be  adojjted  for  determining  the  discharge  of  the  valve,  in  order  to  as- 
certain the  change  of  velocity  in  the  main. 

For  the  second  element,  a  steam  engine  indicator  is  probably  as 
good  as  anything. 

As  to  the  third  element,  it  will  probably  be  difficult  to  apply  the 
paper  to  the  indicator  barrel  in  the  ordinary  manner,  for  two  reasons: 
(1)  Because  the  barrel  would  be  liable  to  overflow  with  water  and  de- 
stroy the  paper;  (2)  the  spring  attached  to  the  barrel,  ofifering  a  re- 
sistance not  uniform,  but  varying  as  the  amplitude  of  movement, 
complicates  the  imparting  of  an  isochronous  movement.  For  this 
part  of  the  apparatus,  the  author  suggests  attaching  the  pajaer  to  a 
separate  wooden  cylinder,  larger  than  the  indicator  barrel.  To  this 
should  be  attached  a  motor  weight;  also  a  counterweight  instead  of  a 
spring  for  keeping  the  connections  taut.  To  give  an  isochronous 
movement  to  the  motor  weight  in  its  descent,  one  obvious  method 
would  be  to  let  it  act  through  a  shaft  carrying  vanes  or  fans.  An- 
other would  be  this:  Let  the  motor  weight  consist  of  an  accurately 
turned  cylinder  of  metal,  of  about  3  ins.  diameter.  Let  it  descend  in 
an  accurately  turned  vertical  tube,  of  a  little  larger  diameter,  filled 
with  water.  It  will  descend  isochronously,  and  its  velocity  will 
depend  on  the  difference  in  diameter  between  the  tube  and  the 
weight. 

These  experiments  need  not  be  attended  with  any  danger  of  dis- 
agreeable results.  The  valve  on  the  hydrant  might,  if  sufficiently 
large,  bring  a  severe  strain  upon  the  branch  leading  from  the  main 
to  the  hydrant,  but  the  change  of  velocity  in  the  main  need  not  be 
suflBcient  to  bring  its  safety  into  question  in  the  remotest  degree. 
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PAINTING    THE    LOUISVILLE    AND    JEFFERSON- 
VILLE  BRIDGE. 


By  O.  E.  Selby,  Jun.  Am.  Soc.  C.  E. 
Presented  October  20th,  1897. 


WITH  DISCUSSION. 


The  Louisville  and  Jeflfersonville  Bridge  across  the  Ohio  River  at 
Louisville  was  completed  in  May,  1895.  Owing  to  a  disagreement  with 
the  contractor  as  to  the  terms  of  the  contract  regarding  i^ainting,  no 
painting  had  been  done  during  erection,  except  on  joints  and  parts  in- 
accessible after  erection.  It  was  finally  agreed  in  the  settlement  that 
the  painting  should  be  done  by  the  company,  and  bids  were  received 
from  several  contractors  for  doing  the  work  on  a  lump-sum  basis.  The 
most  favorable  bid  received  amounted  to  97  500  for  labor  and  equip- 
ment, the  company  to  furnish  the  paint.  It  was  thought  by  the  chief 
engineer,  Mr.  Epes  Randolph,  that  the  work  could  be  done  by  the 
company's  force  for  less  money,  so  men  were  employed,  equipment; 
was  purchased  and  the  work  done  under  the  direction  of  the  author  at 
a  cost  for  labor,  equipment  and  insurance  of  84  928,  and  for  paint  of 
$3  769,  making  the  total  cost  ^8  697.  Careful  record  was  kept  of  the 
cost  of  labor  and  materials  for  different  parts  of  the  work,  and  the 
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purpose  of  this  paper  is  to  present  an  analysis  of  the  results  obtained 
and  give  such  data  on  the  cost  of  painting  as  were  established  and  may 
be  of  value. 

The  work  covered  comprised  the  main  river  spans  and  viaduct  ai?- 
proaches  as  follows: 

Jefferson ville  approach 4  063  ft. 

Span  No.  1 208  ft.  6  ins.  center  to  center. 

Spans  Nos,  2,  3  and  4,  each 546  ft.  6  ins.       "  " 

Spans  Nos.  5  and  6,         "     338  ft.  0  in.         "  '< 

Louisville  apjjroach 2  586  ft. ; 

all  single-track  railroad  bridge,  except  1  000  ft.  of  the  south  end  of 
the  Jeflfersonville  approach,  which  is  double-track,  with  a  height  of  50 
ft.  The  average  height  of  the  Jefferson  ville  ajjproach  is  40  ft.,  and 
that  of  the  Louisville  approach  45  ft. 

The  part  painted,  and  referred  to  in  this  paper,  extends  from  Ninth 
Street  in  Jefifersonville  to  Franklin  Street  in  Louisville,  a  distance  of 
9  194  ft.  The  total  weight  of  iron  covered  was  12  795  000  lbs.,  includ- 
ing sidewalk  railings.  The  finished  length  of  the  bridge  is  10  273  ft. 
from  abutment  to  abutment,  the  additional  lengths  of  approaches 
having  been  built  and  painted  under  separate  contract. 

The  Jeffersonville  approach  and  span  No.  1  were  erected  during  the 
summer  of  1890,  and  had  been  painted  one  coat  in  October,  1892,  to 
preserve  the  iron  during  a  suspension  of  work  on  the  bridge.  This 
part  was  gone  over  first,  and  spots  which  had  begun  to  rust  through 
were  cleaned  and  painted  one  coat.  After  this  had  dried,  one  full  coat 
was  put  on  all  over.  All  the  remainder  was  new  iron  erected  in  1893 
and  1894,  and  received  two  full  coats,  except  the  inside  of  top  chords 
and  inclined  end  posts,  which  were  painted  one  coat  only.  In 
defence  of  this  last,  the  author's  observation  is  that  one  coat  on  the 
inside  of  top  chords  will  last  in  good  condition  longer  than  two  coats 
on  exposed  parts.  It  is  a  part  of  the  span  absolutely  protected  from 
the  weather  and  very  difficult  to  get  at  and  paint,  and  the  omission  of 
the  second  coat  on  nearly  a  mile  of  top  chord  and  end  posts  in  this 
case  effected  a  very  material  saving  in  cost. 
All  the  iron  had  a  shoji  coat  of  linseed  oil. 

The  work  was  begun  June  3d  and  finished  August  7th,  1895,  thus 
occupying  a  few  days  over  two  months,  and  was  carried  on  without 
accident  of  any  sort.     The  force  ranged  from  thirty  to  sixty  men  and 
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averaged  about  fifty  men  with  foreman,  assistant  foreman  and  time- 
keeper. After  July  1st,  the  timekeeper  was  employed  partly  on  other 
work,  and  but  half  his  time  was  charged  to  painting. 

The  men  were  mostly  ordinary  bridge  men,  erectors  and  carjienters, 
and  were  paid  usually  $2  per  day  of  ten  hours.  Some  few  inexijerienced 
men  at  work  on  sidewalk  railings  and  other  parts  not  classed  as 
hazardous  were  paid  ^1.25  and  -SI. 50  per  day. 

After  July  1st,  there  were  infrequent  trains  on  the  bridge,  but 
otherwise  there  was  no  necessity  for  keeping  the  track  open  for 
traffic,  and  this  fact  was,  no  doubt,  of  considerable  influence  in  re- 
ducing the  labor  cost  below  what  it  would  have  been  for  a  bridge 
under  traffic. 

The  paint  iTsed  was  an  oxide  of  iron  paint  selected  by  the  chief 
engineer.  One  hundred  and  twenty  barrels  were  bought,  in  two  car- 
loads, and  104  used,  the  balance  being  sold.  Four  barrels  at  a  time 
were  carried  on  a  push-car  and  shoved  along  the  track,  as  needed. 
One  man  was  kept  busy  stirring  wp  the  paint,  serving  it  out  to 
the  men,  opening  barrels,  etc.  The  paint  was  used  just  as  it  came 
from  the  barrel,  except  for  a  little  thinning  occasionally  with  boiled 
linseed  oil,  of  which  one  barrel  was  used,  equivalent  to  about  one-half 
gallon  of  oil  per  barrel  of  paint. 

The  equipment  consisted  of  8  painting  stages;  20  stirrups,  18  tie- 
hooks  and  16  hook  chains  for  hanging  the  stages;  24  6-in.  single 
blocks;  24  6-in.  double  blocks;  6  coils  of  f-in.  manilla  rope  for  falls; 

1  coil  of  i-in.  manilla  rope  for  hand  lines,  etc. ;  1  standard  railroad 
push-car;  19  dozen  paint  brushes;  4  dozen  steel  brushes;  13  dozen 
whisk  brooms ;  3  dozen  steel  scrapers ;  4  dozen  l^-gall.  black  iron  paint 
buckets;  1  dozen  2i-gall.  black  iron  paint  buckets;  ^  dozen  sheep 
skins. 

The  stages  were  home  made,  6  ins.  x  18  ins.  x  35  ft.,  with  sides  of 

2  X  6-in.  poplar  and  1-in.  planks  laid  on  the  rungs.  The  tie-hooks,  of 
1-in.  round  iron,  were  used  to  suspend  the  stages  from  the  long  ties 
which  projected  to  carry  the  sidewalks.  The  hook-chains  were  iised 
to  suspend  the  stages  from  the  top  chords  of  the  trusses.  Details  of 
these  chains,  tie-hooks,  stirrups  and  stages  are  shown  in  Fig.  1. 

The  amount  of  paint  used  was  5  612  galls. ,  and  the  cost  chai'ged  to 
paint  was  ^3  769.12,  equal  to  67  cents  per  gallon.  The  price  of  the 
paint  was  65  cents  per  gallon  delivered  at  Louisville,  and  the  addi- 
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tional  2  cents  covers  cost  of  drayage  and  handling,  loss  on  paint 
sold,  etc. 

The  total  cost  of  the  work  is  distributed  as  follows:  Paint, 
$3  769.12;  labor  of  painting  and  cleaning,  $4  427.08;  equipment, 
$300.84;  accident  insurance,  $200;  total,  $8  697.04. 

The  item  of  equipment  includes  a  credit  of  $170.91  for  materials 
sold  after  the  work  was  finished. 
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Table  No.  1  shows  the  separate  charges  for  labor  and  paint  for 
each  coat  on  the  different  parts  of  the  work,  the  percentage  of  the 
whole  which  each  coat  represents,  the  labor  cost  per  gallon  of  paint, 
and  the  labor  cost,  cost  of  paint  and  gallons  of  paint  for  each  coat 
per  1  000  lbs.  of  iron  and  per  lineal  foot  of  structure. 
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In  the  distribution  of  cost,  span  No.  1,  208  ft.,  6  ins.  was  included 
with  the  Jeflfersonville  api:)roach,  because  they  both  received  one  coat 
only,  and  because  this  distribution  equalized  the  general  character  of 
this  approach  with  that  of  the  Louisville  approach,  which  contains 
one  200-ft.  span. 

No  attemjit  was  made  to  analyze  the  cost  on  the  basis  of  surface 
covered,  as  this  would  have  been  an  exceedingly  tedious  job  and  of 
little  use.  It  is  believed  that  the  cost  per  lineal  foot  and  per  pound 
of  iron  covered  will  be  of  much  more  value  in  estimating  on  other 
work,  and  will  be  found  nearly  constant  for  the  same  class  of  work. 

In  making  preliminary  estimates  for  this  work  the  author  found 
very  little  in  print  on  the  cost  of  jjainting,  and  that  little  not  in  a 
form  which  made  it  available  for  a  close  estimate.  This  paper  is  pre- 
sented in  the  hope  that  the  discussion  may  bring  out  some  further 
information  on  the  subject  from  the  note-books  of  engineers  who  have 
had  charge  of  much  similar  work. 

From  a  study  of  Table  No.  1  the  following  facts  seem  to  be  estab- 
lished: 

Fi7\<;(. — The  cost  of  the  first  coat  in  paint,  labor  and  total  is  not  far 
from  six-tenths,  and  of  the  second  coat,  four-tenths,  of  the  whole 
cost. 

Second. — On  the  approaches,  the  labor  cost  per  gallon  of  paint  is 
much  higher  for  the  first  coat  than  for  the  second,  showing  the  in- 
fluence of  increased  labor  required  in  cleaning  and  scraping  the  iron. 
On  the  spans  the  labor  cost  per  gallon  is  slightly  greater  for  the  sec- 
ond coat  than  for  the  first,  showing  that  the  cost  of  rigging  and  climb- 
ing to  get  at  the  work  overbalances  the  labor  of  cleaning. 

For  approaches  of  this  kind  and  for  spans  up  to  about  350  ft.,  it 
would  seem  to  be  on  the  safe  side  to  estimate  the  labor  cost  at  75  cents 
per  gallon  of  paint  used,  both  coats.  For  spans  in  the  neighborhood 
of  500  ft.,  this  could  be  reduced  to  66  cents. 

Third. — The  labor  cost  per  1  000  lbs.  of  iron  is  highest  for  the  aj)- 
proaches  and  least  for  the  long  spans,  and  could  be  safely  estimated 
at  55  cents  per  1  000  lbs.  for  approaches,  41  cents  for  spans  up  to  350 
ft.,  and  27  cents  for  spans  of  500  ft.,  and  over.  The  labor  cost  per 
1  000  lbs.  on  the  Jeflfersonville  approach  for  the  one  coat  was  inter- 
mediate between  the  cost  of  first  coat  and  second  coat  on  the  Louis- 
viUe  approach,  as  it  should  be,  as  this  was  put  on  over  an  old  first 
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coat  requiring  a  considerable  amount  of  cleaning,  but  still  not  so  much 
as  a  first  coat  on  rusty  iron. 

Fourth. — The  labor  cost  per  lineal  foot  of  structure  approximates 
45  cents  on  single-track  viaduct  ai}i:)roacb,  80  cents  on  300- ft.  spans, 
and  90  cents  on  500-ft.  spans. 

Fifth. — The  cost  of  paint  can  be  taken  as  equal  to  the  cost  of  labor 
"without  material  eri'or.  This,  of  course,  will  vary  with  the  kind  of 
paint  used  and  the  price  of  linseed  oil,  etc.,  but  may  be  taken  as  a  good 
rule-of -thumb  method.  On  the  approaches  and  short  spans  the  cost  of 
paint  was  91%  of  the  cost  of  labor,  and  on  the  long  spans  103  per  cent. 

This  is,  of  course,  but  another  view  of  the  data  given  on  the  cost 
of  labor  per  gallon  of  paint,  and  would  seem  to  indicate  that  a  given 
amoiint  c*f  rigging  and  climbing  on  the  long  spans  allows  a  man  to 
reach  more  iron  and  apply  more  paint  than  on  the  shorter  sj^ans  and 
approaches.  Spans  Nos.  5  and  6  were  erected  in  the  latter  part  of 
1893,  while  the  long  spans  were  erected  more  than  a  year  later,  so  that 
the  rustier  condition  of  the  shorter  spans  may  account  for  their  taking 
more  paint. 

Sixth. — The  number  of  gallons  of  paint  per  1  000  lbs.  of  iron  de- 
creases rapidly  as  the  length  of  span  increases,  and  may  be  taken  at 
0.75  gall,  for  approaches,  0.55  gall,  for  the  shorter  spans,  and  0.4  gall. 
for  the  long  spans. 

Seventh. — The  number  of  gallons  per  lineal  foot  increases  rapidly 
with  the  length  of  span  and  may  be  estimated  at  0.6  gall.,  1.1  galls., 
and  1.4  galls.,  respectively,  for  the  three  classes  of  work. 

Eighth.— The  total  cost  may  be  taken  at  §1.05  per  1  000  lbs.,  or  $0.82 
per  lineal  foot,  for  single-track  viaduct  of  an  average  height  of  aboiit 
45  ft.  For  spans  of,  say,  300  to  400  ft.  the  cost  will  be  $0.78  per  1  000 
lbs.,  or  $1.55  per  lineal  foot,  and  for  spans  of  500  to  550  ft.  .$0.55  per 
1  000  lbs.,  or  $1.85  per  lineal  foot.  For  spans  of  intermediate  lengths, 
the  cost  could  probably  be  taken  in  proportion  without  serious  error. 

Ninth. — It  is  not  observed  that  any  of  the  items  of  unit  cost  vary 
as  the  first  power  of  the  span  length  or  as  the  square  of  the  span 
length,  but  usually  as  some  intermediate  power. 

The  labor  cost  of  painting  the  5  700  lin.  ft.  of  sidewalk  railings  was 
$390.09,  equal  to  S6.85  per  100  lin.  ft.  There  are  two  sidewalks,  one 
on  each  side  of  the  track,  each  5  ft.  wide,  and  having  a  line  of  lattice 
railing  4  ft.  high  on  the  outside  and  a  gas-pipe  railing  next  to  the 
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track,  consisting  of  two  lines  of  l|-in.  gas  j^ipe.  The  amount  of  paint 
used  on  the  railings  was  comparatively  small,  and  was  included  in  the 
amount  used  on  the  sjjans. 

The  cost  of  equipment,  not  deducting  for  material  sold  afterward, 
was  $471.75,  equal  to  about  $10  per  man  employed.  For  a  smaller 
gang  doing  the  same  work,  the  total  cost  of  equipment  would  be  less, 
but  the  cost  per  man  would  be  higher,  as  a  large  part  of  this  expense 
is  for  brushes,  the  number  of  which  used  depends  on  the  amount  of 
work  done,  rather  than  on  the  number  of  men  employed.  The  best 
results  were  obtained  from  aflat  brush  costing  $7.50  per  dozen.  These 
were  good  until  worn  down  short,  while  a  cheaper  brush  did  not  have 
the  requisite  stiffness  and  elasticity. 

The  isainting  of  the  Jeffersonville  approach,  the  first  coat  in  1892, 
was  done  at  a  cost  of  about  $2  300,  making  the  total  cost  of  painting 
the  entire  work  9  194  ft.  long,  with  two  coats,  $11  000. 

The  results  in  this  case  seem  to  be  a  good  argument  for  the  use  of 
oxide  of  iron  paint.  It  was  cheap  in  first  cost,  easily  applied,  and 
so  far  the  indications  are  that  it  will  prove  exceedingly  durable.  The 
work  at  the  present  time,  after  two  years,  is  apparently  in  as  good  con- 
dition as  when  finished,  and  examination  shows  no  sign  of  rusting  or 
beginning  of  failure.  This  good  result  is  partly  due  to  the  good 
quality  of  the  paint,  and  partly  to  the  care  used  in  cleaning  the  iron 
before  applying  the  paint.  It  is  exceedingly  doubtful  if  as  good 
results  could  have  been  obtained  by  contract  work;  in  fact,  the  work 
on  the  approach  extensions  adjacent,  done  just  previously  by  a 
reliable  and  honest  contractor,  with  the  same  kind  of  paint,  under 
inspection  by  the  same  man  who  Avas  foreman  on  this  work,  already 
shows  signs  of  rusting  through  in  places.  The  secret  of  good  results 
with  an  oxide  of  iron  paint  seems  to  be  to  get  an  honest  paint  and 
have  it  honestly  ajsplied.  This  same  injunction  applies,  of  coiirse,  to 
other  paints,  but  not  with  equal  force,  and  the  author  has  no  doubt 
that  much  of  the  bad  odor,  into  which  oxide  of  iron  paint  seems  to  have 
fallen,  arises  from  using  cheap  paints  adulterated  on  the  ground  with 
benzine,  and  applied  on  iron  which  has  not  been  thoroughly  cleaned. 

The  deductions  made  in  the  foregoing  pages  as  to  the  covering 
power,  etc.,  of  the  paint,  and  its  cost,  are,  of  course,  based  on  the 
kind  of  i^aint  used  in  this  work,  and  would  be  modified  somewhat  in 
case  red  lead  or  other  paint  were  substituted  for  it. 
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DISCUSSION. 


A.  H.  Sabin,  Assoc.  M.  Am.  Soc.  C.  E. — Papers  containing  data  of  Mr.  Sabiii. 
this  kind,  especially  wlien  more  of  them  are  available,  will  be  valu- 
able to  the  engineer.  The  speaker's  experience  in  regard  to  the  paint- 
ing of  structures  has  been,  in  general,  that  the  cost  of  the  labor  is  con- 
siderably in  excess  of  the  figures  given  by  the  author.  The  cost  of 
labor  in  jjroportion  to  the  quantity  of  paint  used  is  generally  estimated 
by  practical  bridge  engineers  as  not  less,  on  the  average,  than  about 
twice  the  cost  of  the  paint,  jirovided  a  moderately  cheap  paint  is 
used,  such  as  that  mentioned  by  the  author;  and  in  rejminting  old 
structures  it  amounts  to  much  more.  The  cost  of  labor  in  repainting 
a  certain  bridge  on  a  western  railroad  last  year  was  about  six  times 
the  cost  of  the  paint.  The  paint  used  was  an  oxide  of  iron;  and, 
having  been  made  by  the  railroad  company,  its  cost  was  figured  very 
low.  When  a  railroad  company  makes  its  own  paint,  the  cost  is 
merely  a  matter  of  book-keeping,  and,  in  this  case,  it  was  estimated 
by  the  com^jany  at  i^robabh'  three-fourths  of  its  actual  cost.  This 
would  reduce  the  proportional  cost  of  labor  to  aboiit  four  or  five  times 
the  cost  of  paint  as  figured  on  the  author's  basis.  The  speaker  could 
not  give  the  figures  in  the  foregoing  case,  as  they  had  simply  been 
shown  to  him  by  the  engineer  in  charge  immediately  after  the  work 
was  done,  but  the  facts  to  be  derived  were  substantially  those  set 
forth. 

The  cost  of  the  labor  will  vary  to  some  extent  with  different  kinds 
of  paint,  because  some  require  more  care  in  their  application  than 
others.  It  is  of  interest  to  have  the  number  of  gallons  per  unit  of 
surface  stated,  as  it  gives  some  idea  of  the  thickness  of  the  coat.  The 
actual  unit  on  which  the  painter  must  figure  is  the  surface.  The  bridge 
engineer,  for  obvious  reasons,  reckons  in  tons,  but  these  must  be  re- 
duced to  some  common  denomination;  and,  as  the  paint  is  put  on  the 
surface,  the  surface  shoiild  be  the  guide.  It  is  true  that  the  j^roportion 
of  surface  to  tonnage  does  not  vary  very  largely  in  work  of  the  same 
general  character,  but  it  varies  a  good  deal  between  light  and  heavy 
work.  The  cost  of  application  will  also  increase  as  the  work  becomes 
lighter  and  more  elaborate.  The  cost  of  cleaning  depends,  first,  upon 
the  nature  of  the  surface,  and,  secondly,  upon  the  thoroughness  of 
the  workmen.  This  can  be  seen  to  advantage  on  the  viaduct  at  155th 
Street  and  Eighth  Avenue,  in  New  York  City.  The  cost  of  cleaning 
the  surface  of  the  iron  there  is  perhaps  one  hundred  times  as  expensive 
as  the  work  described  by  the  author. 

In  regard  to  a  shop  coat  on  ironwork,  it  is  certainly  necessary  to 
have  something — either  oil  or  paint.  There  is  much  room  for  discus- 
sion and  difference  of  opinion  at  present  as  to  the  merits  of  each.  A 
well-known  firm  of  engineers  and  inspectors  recently  rejected  some  oil 
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Mr.  Sabin.  jjurchased  for  sliop  coats,  which,  upon  analysis  by  a  competent  chemist 
was  found  to  contain  comparatively  little  linseed  oil,  a  quantity  of  ani- 
mal oil,  presumable  fish  oil,  much  mineral  oil,  and  a  large  amount  of 
dryers.  Oil  of  that  class  is  extensively  used.  The  speaker  had  in- 
spected, for  his  own  interest,  a  good  many  structures  (chiefly  archi- 
tectural, however),  steel  frame  buildings,  etc.,  in  New  York  and 
Brooklyn,  which  had  received  a  shop  coat  of  oil,  and  he  could  not 
recall  a  single  case  where  it  appeared  to  him  that  linseed  oil  had  been 
used.  He  was  tolerably  familiar  with  linseed  oil,  and  was  sure  that  it 
was  not  generally  used  as  a  shop  coat  on  architectural  work  in  New 
York  City. 

There  is  undoubtedly  a  great  difference  in  durability  and  value 
between  linseed  oil  and  mineral  or  fish  oil  heavily  adulterated  with 
dryers.  A  coat  of  oil  facilitates  inspection,  while  a  coat  of  paint 
aftbrds  a  more  substantial  protection.  The  oil  will  also,  for  a  short 
time,  prevent  the  work  from  rusting;  and,  if  the  weather  and  other 
conditions  are  favorable;  and,  if  the  work  is  undertaken  promptly,  it  is 
possible  to  have  the  paint  applied  so  that  the  iron  is  protected  before 
it  has  sufi"ered.  In  that  case  the  oil  has  done  the  work  for  which  it 
was' intended;  but  if  a  coat  of  something  which  is  not  oil  is  first  ap- 
plied, it  introduces  a  source  of  trouble  beneath  the  paint  which  is 
afterwards  put  on,  and  in  such  cases  the  use  of  an  oil  coat  is  bad. 

The  protection  of  structural  steel-work  with  paint  is  a  subject 
which  is  only  beginning  to  be  studied  seriously.  The  first  thing  to  be 
done  is  to  properly  prepare  the  surface  of  the  iron.  As  a  general 
thing,  the  paint  is  applied  on  scale  of  some  sort  or  on  oxide.  Any  one 
who  doubts  this  should  examine  the  work  being  done  on  the  155th 
Street  Viaduct,  and  note  the  difference  between  the  prepared  surface 
there  and  the  best  kind  of  wire  brushing.  Having  painted  upon 
scale  and  oxide,  when  that  comes  ofi,  the  paint  comes  with  it. 

Mr.  Evans.  M.  E.  EvANS,  Jun.  Am.  Soc.  C.  E. — The  Department  of  Public 
Works  of  New  York  City  is  now  cleaning  that  part  of  the  overhead 
viaduct  which  is  over  the  elevated  station  at  155th  street  and  Eighth 
avenue  by  means  of  the  sand-blast,  previous  to  j)ainting.  The  work 
is  under  the  direction  of  E.  P.  North,  M.  Am.  Soc.  C.  E.,  and  it  is 
the  intention  to  thoroughly  clean  the  surfaces  of  seventeen  lattice 
girders  which  sp&n  the  track  there,  and  to  apply  as  many  different 
kinds  of  paint  to  those  surfaces  in  order  to  test  their  durability.  The 
iron  is  exposed  to  the  action  of  steam  and  of  gases  from  the  locomo- 
tives. Within  about  five  years  some  four  coats  of  paint  have  been  ap- 
plied. On  the  buckle  plates  and  the  surfaces  which  seem  to  be  in 
contact  Avith  the  gases  the  greater  length  of  time,  these  coats  have 
suffered  severely ;  in  fact,  the  paint  has  not  stayed  on  at  all. 

The  new  paint  which  has  been  aijplied  has  not  yet  been  exposed  to 
the  gases,  as  the  entire  structure  is  protected  by  a  closed  floor  which 
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liangs  below  the  girders  and  on  which  the  process  of  sand  blasting  is  Mr.  Evans, 
carried  on. 

The  sand-blast  plant  which  is  being  used  is  a  compressed  air  apjia- 
ratus.  The  sand  is  discharged  against  the  surface  of  the  iron  and 
cleans  it  very  thoroughly.  The  original  coating,  it  is  believed,  was  a 
shop  coat,  and  over  that  three  coats  of  Eureka  paint.  The  speaker 
has  been  informed  that  all  the  surfaces  Avere  very  imperfectly  cleaned 
before  being  painted,  both  mill-scale  and  rust  lying  beneath  the  paint. 
At  i^resent  the  four  coats  of  paint  can  be  traced  on  the  lower  chords  of  the 
girders,  but  on  the  under  side  of  the  buckle  plates  no  j^aint  can  be  found. 

When  api^lied  to  the  sand-blasted  surfaces,  the  paint  seems  to  ad- 
here very  closely.  The  surface  is  naturally  pitted  by  the  rusting  and 
slightly  pitted  or  indented  by  the  action  of  the  sand  blast  which  forms 
a  superficial  frosting  and  affords  an  excellent  hold.  Ten  different 
jjaiuts  have  already  been  applied  and  all  possess  the  same  character- 
istics as  far  as  appearances  go. 

Very  accurate  records  are  being  kept,  especially  of  the  cost  of  sand 
blasting.  The  records  of  the  cost  of  painting  will  not  be  of  special 
value,  because  it  is  done  at  very  disadvantageous  hours.  The  clean- 
ing must  be  done  during  the  day  on  account  of  the  humidity  in  the 
atmosphere  during  the  night  hours,  and  at  this  time  of  the  year  most 
of  the  painting  is  done  by  electric  light,  each  man  being  provided  with 
a  pilot  lamp.  The  men  generally  paint  after  they  have  done  a  day's 
work.  If  they  are  paid  double  time  for  over-hours  they  paint  very 
slowly,  and  if  they  are  not  paid  double  time  they  paint  very  fast,  and  as 
they  do  only  two  or  three  hours'  painting  in  a  day,  the  figures  for  the 
cost  will  not  be  of  special  value.  On  broad  surfaces,  such  as  the 
Inickle  jalates,  they  seem  to  paint  at  the  rate  of  about  900  sq.  ft. 
in  eight  hours,  and  at  the  rate  of  not  much  over  600  or  700  sq.  ft.  in 
eight  hours  when  working  on  lattice  or  girder  parts. 

At  first  the  cost  of  sand  blasting  was  very  expensive,  probably  ex- 
ceeding Mr.  Sabin's  estimate.  The  present  cost  probably  does  not  exceed 
16%  of  the  cost  when  the  work  was  first  started  with  the  experimental 
plant;  and,  during  the  next  two  weeks  in  which  the  apparatus  is  ex- 
pected to  be  used,  it  will  probably  be  very  much  reduced.  P^our  of 
what  are  termed  No.  6  machines  are  being  used,  and  they  have  a 
capacity  of  eight-tenths  of  a  square  foot  per  minute  each.  They  are 
operated  with  a  loss  of  perhaps  not  more  than  thirty  minutes  a  day  in 
changing  the  nozzle  of  the  hose  and  in  shifting  scaffolds.  The  plant 
is  very  expensive,  as  the  machinery  is  all  rented  and  at  a  high  rate. 

Efforts  are  made  to  treat  the  surface  so  that  it  can  be  painted  the 
same  day,  which  is  of  especial  advantage  on  a  damp  day  when  the  sur- 
faces, though  turning  out  a  bright  steel  gray  under  the  blast,  become 
red  with  rust  in  about  two  hours.  If  the  weather  is  fine  and  the  air 
dry,  the  surfaces  remain  bright  for  four  or  five  days. 
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Mr.  Parker.  A.  McC.  Pakkek,  M.  Am.  Soc.  C.  E. — The  question  of  the  preser- 
vation of  iron  under  the  most  disadvantageous  conditions  has  been  i^re- 
sented  to  the  Dock  Department  of  New  York  City  very  strongly  in  the 
maintenance  of  the  iron  girders  at  Pier  A,  North  River.  That  is  a 
steel  structure  on  stone  piers,  the  main  floor  being  carried  by  heavy 
girders,  with  concrete  arches  between  them.  It  is  found  that  the 
bottom  flanges  of  these  girders  are  so  badly  pitted  and  oxidized  that 
no  jjaint  will  stay  on  them  any  length  of  time,  although  every  con- 
ceivable kind  has  been  tried.  The  dejiartment  is  now  building  five 
very  large  and  substantial  piers  on  the  North  Eiver,  in  the  neigh- 
borhood of  West  Eleventh  Street,  four  of  which  are  to  carry  double- 
decked  sheds.  The  foundations  for  the  shed  posts  are  so  massive, 
there  are  so  many  piles  in  them,  and  they  come  at  such  irregular  in- 
tervals, that  it  has  been  found  necessary  to  put,  in  places,  24-in.  j)late 
girders,  sometimes  of  three  and  four  members,  to  sjaan  between  the 
foundations  formed  by  the  pile  clusters.  The  iron  is  only  3  or  4  ft. 
above  high  water,  and  is  subjected  to  the  steam  and  vapor  arising 
from  the  sewage  which  will  discharge  under  the  piers  near  their  outer 
ends.  The  problem  of  how  to  protect  the  iron  is  one  for  which  no 
precedent  could  be  found.  The  speaker,  having  noticed  in  the  pipe 
yard  of  the  Department  of  Public  Works  some  old  water  mains  which 
had  been  exposed  to  practically  similar  conditions  for  a  great  many 
years,  and  which  had  originally  been  coated  with  coal  pitch  and  oil, 
suggested  to  the  engineer-in-chief,  George  S.  Greene,  Jr.,  M.  Am.  Soc. 
C.  E.,  that  that  method  be  tried.  Mr.  Greene  had  had  experience 
years  ago  on  the  Croton  Aqueduct,  and  had  recently  seen  some  of  the 
mains  taken  out  on  Fifth  Avenue,  which  had  been  laid  under  his 
supervision  more  than  twenty  years  before  with  the  same  coating  on, 
and  he  concluded  that  he  would  try  it.  It  was,  therefore,  specified 
that  all  the  structural  iron  for  the  foundations  of  the  piers  was  to  be 
coated  by  dipping  the  iron  directly  in  a  mixture  of  coal  pitch  and  oil, 
at  a  temperature  of  300°  Fahr.  It  has  also  been  specified  that  asphalt 
might  be  used,  as  it  is  not  readily  attacked  or  operated  upon  by  sea 
water  and  moist  air. 

In  1871  the  Department  of  Docks  constructed  a  very  large  floating 
derrick.  The  back  stay  of  the  tower  was  carried  down  to  a  very 
heavy  cast-iron  circle,  about  45  ft.  in  diameter,  which  was  bolted  down 
through  the  hull  of  the  scow  to  the  keelson.  The  top  of  the  circle 
was  dished,  so  that  there  were  in  the  top  probably  35  or  40  receptacles 
in  Avhich  water  could  lodge  to  a  depth  of  6  or  8  ins.  The  captain  of 
the  derrick,  who  had  superintended  its  construction,  i)ainted  this  cast- 
iron  circle  with  lubricating  graphite  thinned  down  with  kerosene  oil. 
This  was  applied  26  years  ago.  It  has  received  none  since,  and  to-day 
the  scales  of  graphite  can  be  rubbed  ofi"  with  the  finger.  Although  it 
is  out  in  the  weather  under  the  most  adverse  conditions,  the  iron  is 
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perfectly  preserved.     Graphite  might  be  of  service  in  other  lines  of  Mr.  Parker, 
■work,  hut  the  speaker  did  not  know  whether  it  woixld  answer  for  steel 
or  wrought  iron  as  well  as  for  cast  iron. 

About  three  years  ago  the  speaker,  in  laying  up  some  steam  drills, 
hoists  and  other  machinery,  had  covered  their  bright  surfaces  with  a 
mixture  of  paraffine  and  vaseline,  heated  and  applied  with  a  brush. 
The  surfaces  have  been  i)erfectly  preserved,  and  the  mixture  is  readily 
rubbed  oft".  _ 

William  Metcvlf,  Past-President  Am.  Soc.  C.  E. — In  the  smoky  Mr.  Metcalf. 
and  acidulated  atmosphere  of  Pittsburg,  Pa.,  one  of  the  worst  jirob- 
lems  is  the  preservation  of  iron  smokestacks,  iron  roofs  and  build- 
ings.    There  is  nothing  known  which  will  preserve  a  stack  or  a  roof 
for  any  length  of  time  ;  it  has  simply  to  be  brushed  oft"  and  repainted. 

Mr.  Parker's  reference  to  the  use  of  graphite  calls  to  mind  an  ex- 
perience of  the  sjieaker  some  fifteen  years  ago.  Knowing  the  almost 
indestructible  nature  of  carbon,  it  occurred  to  him  that  if  he  could 
get  a  carbon  surface  on  the  iron,  rusting  would  be  prevented  and  a 
great  deal  of  trouble  avoided.  At  that  time  the  Siemens  regenerator 
furnace  was  being  extensively  used,  and  cartloads  of  soot,  which  was 
a  very  soft  and  pure  carbon  resembling  India  ink,  wei-e  taken  out  of 
the  flues  every  week.  This  was  mixed  with  various  oils,  but  nothing 
could  be  found  which  would  make  it  adhere  firmly  to  the  iron.  It  had 
no  more  adherence  than  whitewash. 

With  all  other  kinds  of  paint  which  had  been  used,  it  was  invari- 
ably found  that  the  first  indication  of  failure  was  rust  spots.  In 
some  unaccountable  manner  moisture  got  beneath  the  paint  and 
caused  it  to  fall  oflf  in  flakes,  until  finally  the  whole  stack  or  building 
would  be  covei'ed  with  rust,  unless  it  were  cleaned  and  repainted. 
With  this  carbon  coat,  however,  it  was  observed,  in  all  cases  where 
the  weather  had  beaten  it  oflf,  that  the  iron  was  not  rusted,  and 
another  coat  of  carbon  would  preserve  it  until  it  was  washed  oflf  again. 
A  coat  generally  lasted  from  three  to  six  months,  but  deijended  on 
the  weather.     It  was  aflfected  most  by  heavy  rains. 

It  would  be  an  excellent  preservative,  if  it  were  possible  to  obtain 
anything  which  would  make  it  adhere  ;  in  fact,  the  failure  to  do  so 
was  the  only  reason  for  abandoning  it. 

L.  L.  Buck,  M.  Am.  Soc.  C.  E. — The  use  of  limestone  in  concrete  Mr.  Buck, 
which  is  to  come  in  contact  with  iron  or  steel  should  be  avoided 
because  if  the  point  of  a  spall  sticks  through  the  mortar  and  against 
the  iron,  it  will  cause  a  hole  from  J  to  ',  in.  deep  in  a  short  time  if  the 
least  moisture  gets  through  the  mortar,  which  it  is  very  aj^t  to  do. 
This  was  the  speaker's  experience  at  the  Niagara  Suspension  Bridge, 
where  the  strands  at  the  end  of  the  cable  had  been  bedded  in  mortar. 
The  intention  was  to  build  around  with  sj^alls  within  an  inch  or  two 
of  the  strands  and  then  fill  the  sjiace  with  a  mortar  composed  of 
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Mr.  Buck,  hydraulic  cement  and  silicioiis  sand.  No  spalls  were  intended  to 
come  in  contact  with  the  wires,  but  through  carelessness  a  few  had 
been  allowed  to  project  through,  and  in  some  cases  the  wires  they 
touched  were  rusted  through. 

In  this  case  the  wires  were  stretched  by  successive  loads  until  the 
mortar  in  the  whole  bunch  of  strands  was  separated  from  the  sur- 
rounding jjortion.  The  mortar  which  was  among  the  strands  was  not 
separated,  but  went  with  them;  all  around  the  outside  of  the  outer 
strands,  the  wires  were  more  or  less  corroded.  Among  the  inner 
strands  there  was  no  corrosion.  The  mortar  did  not  penetrate  be- 
tween the  wires,  because  they  were  bundled  together  and  wrapped 
once  in  about  12  ins.  with  wire,  bound  tightly,  and  the  interstices  filled 
with  Spanish  brown  paint.  The  cables  were  inclined,  and  the  loosen- 
ing from  the  outer  portion  permitted  the  water  which  ran  down  the 
cables  to  get  in  and  work  down  to  the  lower  end,  where  it  could  not 
get  out.  Probably  the  oxygen  it  contained  caused  the  rusting  of  the 
wires,  as  they  were  in  a  damp  condition  when  uncovered.  Limestone 
alone  was  used  in  the  concrete,  and  it  was  the  speaker's  supposition 
that  the  carbonic  acid  it  contained  was  one  cause  for  the  blackening 
of  the  mortar  and  corrosion  of  the  wires.  The  speaker  does  not  think 
that  this  would  have  occurred  if  a  sandstone  had  been  used.  As  to 
whether  the  carbonic  acid  could  have  this  effect  without  decomposition 
of  the  limestone  is  a  question  for  the  chemist.  It  has  been  suggested 
that  there  may  have  been  sulphur  present.  It  is  true  that  water  which 
permeates  the  seams  of  the  rock  forming  the  banks  of  the  Niagara  river 
sometimes  contains  s^^ll)hur;  but  whether  the  stone  contains  enough 
of  it  to  produce  the  effect  mentioned,  the  speaker  cannot  say. 

A  couple  of  years  ago  the  speaker  received  from  John  Thomson, 
M.  Am.  Soc.  C.  E.,  a  sample  of  slushing  oil  used  by  him  in  covering 
the  bright  surfaces  of  presses  and  machinery  during  shipment.  After 
their  arrival,  the  oil  is  simply  wiped  off  and  the  surfaces  are  found 
perfectly  bright.  Possibly  if  this  oil  was  mixed  with  plumbago,  it 
would  be  a  good  preservative  in  places  where  there  was  no  rubbing. 
It  does  not  seem  to  dry  up  or  thicken,  and  the  speaker  is  now  experi- 
menting with  it  with  a  view  of  using  it  inside  of  bridge  cables. 
Mr.  Thomson.  JoHN  THOMSON,  M.  Am.  Soc.  C.  E. — The  slushing  oil,  or  paste, 
mentioned  by  Mr.  Buck  is  a  heavy  mineral  oil  and  has  been  used  by 
the  speaker  with  complete  success  for  several  years  in  the  protection 
of  the  bright  parts  of  machinery,  particularly  heavy  presses  and 
printing  and  embossing  machines.  It  has  the  especially  good  jjrac- 
tical  features  of  being  easy  to  put  on  and  easy  to  remove.  It  is  used 
on  the  speaker's  work  by  the  Colt's  Arms  Company  and  also  by  many 
other  manufacturers  for  the  j^rotection  of  bright  work  before  and  after 
assemblage.  It  is  surprising  how  the  merest  film  will  protect  from 
rust  and  how  long  it  will  endure.     Many  experiments  have  been  made 
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on  it  with  acids  aud  water,  salt  and  water,  etc.  There  seems  to  be  no  Mr.  Thomson, 
good  reason  why  this  coating  should  not  be  used  in  lien  of  linseed  oil 
advantageously,  for  the  protection  of  structiiral  steel  and  the  like.  A 
po8.sible  objection  to  such  use  is  that  the  coating,  because  of  its  inert 
non-oxidizing  quality,  would  require  to  be  removed  before  applying 
paint.  Again,  however,  the  expense  of  removal  would  be  but  nominal. 
The  speaker  can  give  no  information  from  his  own  knowledge  regard- 
ing its  manufacture  except  that  the  manufacturer,  Charles  M.  Everest, 
F.  Am.  Soc.  C.  E.,  has  stated  to  him  that  it  is  jjarticularly  difficult  to 
eliminate  all  traces  of  water  therefrom.  It  is  a  fact,  not  generally 
known,  that  oils  contain  water,  and  that  to  completely  drive  it  off, 
with  certainty  and  uniformity,  is  not  easily  accomplished. 

Possibly  Mr.  Everest  would  be  willing  to  disclose,  from  his  experi- 
ence, information  which  would  be  of  great  value  in  this  connection. 

Ira  a.  Shalek,  M.  Am.  Soc.  C.  E. — In  the  new  emplacement  for  Mr.  Shaler. 
12-in.  guns  at  the  entrance  to  Long  Island  Sound,  being  built  under 
the  direction  of  Major  Smith  S.  Leach,  U.  S.  A.,  the  iron  beams  of  the 
roofs  of  the  bomb-proofs  and  the  shot  rooms  are  being  imbedded 
naked  in  limestone  concrete.  The  only  materials  of  construction  are 
the  beams  aud  the  concrete,  and  the  entire  portion  of  the  structiii-e 
which  needs  sujjport  through  iron  beams  is  Iniilt  by  simply  encasing 
them  in  the  concrete,  the  object  in  putting  them  in  naked  being  to 
make  more  intimate  contact  between  the  concrete  and  the  iron,  so 
that  in  case  of  injury  from  a  shot  there  would  be  more  likelihood  of 
having  a  bond  between  them  than  there  would  be  if  a  layer  of  paint  or 
oil  were  interposed. 

E.  W.  Lesley,  M.  Am.  Soc.  C.  E, — Possibly  the  distinction  between  Mr.  Lesley, 
the  use  of  limestone  and  other  stone  in  concrete  may  refer  more  pai*- 
ticularly  to  buildings  than  to  the  class  of  work  described  by  Mr. 
Shaler.  In  a  building,  where  the  concrete  is  intended  to  cover  the 
fli-e- proofing,  limestone  would  be  very  dangerous  because  it  is  a  stone 
which  is  combustible,  and  in  case  a  fire  occurred  it  would  be  decom- 
posed into  lime  by  the  heat,  whereas  in  a  fortification  the  danger  of 
combustion  is  remote.  The  problem  of  the  covering  of  iron  with  con- 
crete or  cement  has  probably  been  v.'orked  out  more  successfully  in 
France  than  in  any  other  country.  About  a  year  ago  the  speaker  made 
quite  a  study  of  conci*ete  construction  in  buildings  under  several  of 
the  French  systems,  the  Monier,  the  Melan  and  othei's,  and  in  every 
case  the  iron  was  covered  directly  with  the  cement,  withoiit  paint  or 
varnish  or  anything  intervening.  The  French  have  determined  very 
accurately  the  expansion  and  contraction  of  cement  and  iron,  and  of 
cement  and  steel,  and  have  shown  that  the  expansion  and  contraction 
of  these  materials  are  alike. 

One  building  they  have  constructed  is  quite  remarkable.     It  is  a 
large  brewery  seven  stories  high,  entirely  built  of  little  iron  rods  sur- 
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Mr.  Lesley,  rounded  with  concrete.  All  the  members  which  in  New  York  City  are 
of  iron  and  steel  are  there  of  concrete.  The  exterior  of  the  building 
was  simply  covered  with  light  tiles,  or  in  some  cases  with  brick.  The 
iron  was  unprotected  except  by  the  concrete  itself. 
Mr.  Goldmark.  Henry  Goldmark,  M.  Am.  Soc.  C.  E. — Detailed  information  as  to 
the  cost  of  bridge  painting  is  of  much  interest,  but,  except  in  the 
case  of  large  structures,  is  not  easy  to  obtain.  On  ordinary  railroad 
work,  the  system  of  book-keeping  used  makes  it  difficult  to  separate 
the  cost  of  painting  from  other  miscellaneous  exjDenses.  This,  at 
least,  has  been  the  speaker's  experience.  His  impression  is,  that,  as  a 
rule,  the  labor  cost,  as  compared  with  the  cost  of  material,  is  greater 
than  that  given  by  the  author. 

The  object  of  iJainting  a  bridge  is  to  protect  the  metal  and  also 
to  give  it  a  better  apjjearance.  In  deciding  on  the  expense  to  be 
incurred  in  painting,  the  kind  of  paint  to  be  used  and  the  design 
of  the  structure  from  that  point  of  view,  the  question  must  be  treated 
with  reference  to  the  local  conditions  which  prevail  and  the  in- 
fluences to  which  the  particular  structure  is  subjected.  Even  in  any 
given  bridge,  some  parts,  such  as  the  floor  system  and  the  top  plates 
of  upper  chords,  are  more  subject  to  corrosion  than  the  rest  of  the 
bridge,  and  should  be  painted  more  frequently;  a  provision  very  sel- 
dom enforced. 

Differences  in  climate  and  local  atmospheric  conditions  are  even 
more  imjjortant.  In  cities  where  sulphurous  coal  is  used,  even  the 
best  paint  in  some  cases  does  not  protect  the  metal  work  more  than  a 
few  months,  while  in  dry  districts  the  speaker  has  seen  bridges  quite 
free  from  rust,  even  fifteen  years  after  being  painted.  Evidently,  in 
the  first  case,  the  iron  work  should  be  constantly  watched,  and  cleaned 
and  painted  very  often,  or  completely  covered  by  sheathing.  The 
speaker  remembered  one  expensive  bridge  which  had  to  be  replaced 
within  six  years  on  account  of  lack  of  care  in  this  respect. 

It  is  usually  specified  that  those  parts  of  the  iron  work  which  can- 
not be  painted  after  erection,  or  parts  which  are  piit  close  together, 
should  receive  a  coat  of  paint  before  they  are  assembled.  There  are 
certainly  cases  where  too  much  paint  is  put  on  these  places,  so  that  the 
parts  do  not  come  in  contact.  In  boiler  work,  large  pipes,  etc.,  where 
it  is  important  that  the  joints  should  be  tight  and  close,  the  speaker 
is  sure  that  this  proviso  is  at  fault,  and  does  more  harm  than  good. 
This,  of  course,  is  not  so  applicable  to  bridge  work,  although  cases 
are  known  where  the  parts  were  thereby  prevented  from  coming  close 
together. 

The  speaker  had  seen  a  great  many  pieces  of  old  bridge  material 
taken  apart  or  cut  up,  after  many  years  of  service,  and,  even  where  the 
surface,  had  not  l)een  painted,  they  came  apart  looking,  in  the  majority 
of  cases,  bright  and  not  rusty. 
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There  has  been  a  good  deal  of  theorizing  and  -worry  on  the  subject  Mr.  Goldmark. 
of  enclosed  sections  or  cohimns  and  other  places  that  are  shut  off 
from  the  air  and  cannot  be  reached  with  the  i^aint  brush.  A  closely 
riveted  column,  which  has  once  been  painted  inside,  and  to  which  the 
air  has  no  access,  is  not  so  liable  to  be  injured  by  rust  as  the  parts 
which  are  exposed  to  all  the  atmospheric  influences,  rain,  snow  and 
dust;  in  fact,  dust  is  quite  an  active  agent  in  causing  deterioration  and 
more  to  be  feared  than  the  closed  section.  However,  there  may  be 
other  reasons  than  those  in  which  paint  is  concerned  for  considering 
closed  sections  as  poor  details. 

CoRYDON  T.  PuEDY,  M.  Am.  Soc.  C.  E.  —Speaking  only  with  refer-  Mr.  Purdy. 
ence  to  building  construction,  most  of  the  building  material  that  is 
shipiied  West  from  the  mills  and  some  of  it  that  is  shipped  East  is  first 
manufactured  ready  for  erection.  If  paint  is  applied  to  this  material 
it  will  practically  be  dry  before  it  is  shipped,  but  if  oil  is  applied  it 
does  not  dry,  and  dust  and  dirt  settle  on  it  and  make  the  condition  ot 
the  iron  worse,  for  the  subsequent  painting,  than  if  it  had  received  no 
oil  and  some  initial  corrosion  had  taken  place  instead.  The  rust  can 
be  brushed  off,  but  the  dirt  remains  and  is  painted  over.  Most  of  the 
striactural  iron  work  used  in  buildings  in  New  York  City,  and  some  of 
it  that  is  used  elsewhere,  is  shipped  directly  from  the  mills  and  mania- 
factured  in  local  shops.  The  oiling  of  the  material  at  the  mill  in  such 
cases  is  open  to  the  same  objection  as  in  the  other  case,  and  it  is  also 
open  to  objection  on  account  of  its  making  the  material  disagreeable 
to  handle  and  harder  to  work  up  in  the  shop.  Of  course  painting  at 
the  mills  before  the  material  goes  into  the  shop  is  out  of  the  question, 
and  it  is  hard  to  say  what  is  best  to  do.  Initial  corrosion  commences 
with  slight  exposure,  especially  in  New  York  City,  where  the  atmos- 
phere partakes  of  the  ocean,  and  rusting  goes  on  rapidly.  If  protection 
against  corrosion  is  important,  protection  against  initial  corrosion  is 
doubly  important.  The  sjieaker  would  suggest  that  where  material  must 
be  left  out  of  doors  for  any  length  of  time  after  it  is  received  and  before 
it  is  used,  that  it  be  piled  carefully  so  that  one  piece  will  protect 
another.  If  plates  and  angles  are  thus  piled  and  the  outside  is  given  a 
coat  of  oil,  little  oil  is  used  and  yet  the  whole  pile  is  jsretty  well  pro- 
tected. The  difficulty  of  protecting  against  initial  corrosion  is  greatest 
because  of  practical  objections,  and  no  means  of  overcoming  the  diffi- 
culty will  ever  be  generally  adopted  that  is  not  practical  in  the  appli- 
cation. 

In  the  speaker's  practice  it  is  sjaecified  that  all  surfaces  which  are 
to  be  in  contact,  as  well  as  those  which  are  to  be  so  covered  up  that 
they  cannot  be  reached  after  the  work  is  complete,  shall  receive  one 
coat  of  paint  before  being  assembled.  It  is  possible  that  in  some  kinds 
of  work  this  may  not  be  desirable,  but  in  building  work  it  is.  There 
should  be  no  objection  to  closed  work  or  box  columns  in  building 
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Mr.  Purdy.  work,  and  yet  there  are  some  who  object  to  box  columns  because  they 
enclose  cavities  in  which  they  claim  that  there  is  danger  of  corrosion. 
The  speaker  was  recently  consulted  in  relation  to  a  very  large  building 
now  in  course  of  construction  in  New  York  City,  in  which  open  columns 
were  insisted  upon  on  account  of  the  danger  of  corrosion. 

It  is,  of  course,  diflerent  when  boxed  columns  are  out  of  doors  and 
exposed  to  the  weather.  It  has  been  reported  that  the  columns  of  the 
Kings  County  Elevated  Railroad  in  Brooklyn  were  tapped,  after  the 
road  had  been  in  operation  a  short  time,  and  water  taken  from  almost 
all  of  them,  and  from  some  of  them  in  considerable  quantities.  If  this 
condition  obtains  for  outside  work  generally,  or  if  such  columns  can- 
not be  protected,  they  are,  of  course,  objectionable,  but  the  same  argu- 
ment does  not  apply  to  work  in  buildings. 

The  surface  of  the  iron  should  be  clean,  warm  and  dry,  when  jjaint 
is  applied.  Painting  damp  iron  is  almost  as  bad  as  painting  iron  cov- 
ered with  scale,  as  in  the  former  case  the  paint  will  not  adhere  and  in 
the  latter,  when  the  scale  falls  off,  the  paint  will  come  off  with  it. 
While  there  is  too  little  known  about  painting,  even  by  those  who 
know  the  most,  and  while  engineers  are  trying  to  find  out  everything 
that  is  really  essential  in  regard  to  the  pi-eservation  of  iron,  these 
simple,  practical  matters  of  cleaning  and  drying  the  iron  before  paint- 
ing should  not  be  neglected.  A  lai-ge  part  of  the  painting  on  iron  in 
buildings  is  done  without  care  in  this  respect,  and  yet  it  would  add 
very  much  to  its  efficiency.  Much  that  has  been  done,  not  particu- 
larly in  New  York  City,  for  the  West  is  miich  worse  than  the  East, 
will  prove  to  be  of  little  service  and  would  have  been  better  if  left 
undone. 

It  has  been  stated  that  the  beams  for  the  new  subway  in  Boston 
were  not  painted,  but  received  a  coat  of  cement,  applied  in  the  same 
manner  as  paint,  and  were  then  bedded  in  concrete.  The  speaker  is 
not  sure  that  he  approves  of  this  treatment.  He  certainly  would  not 
cover  iron  with  cement  to  put  it  in  a  building,  but  if  the  iron  is  to  be 
bedded  in  concrete,  as  in  grillage  and  underground  work,  if  the 
cement  adheres  to  the  iron  and  there  can  be  no  exposure,  it  is  possi- 
bly better  than  painting.  That  could  only  be  found  out  by  experi- 
ence. Before  adopting  it  the  Boston  engineers  investigated  the  matter 
very  thoroughly  and  devoted  money,  time  and  effort  to  determine 
what  was  best.  They  not  only  wi'ote  to  many  engineers  and  others 
whom  they  knew  had  been  interested  in  the  preservation  of  iron,  but 
they  extended  their  investigations  to  Europe,  where  iron  has  been 
preserved  the  longest  and  the  best,  and  this  was  the  result.  It  has 
frequently  been  stated  that  there  is  no  better  conservator  of  iron  than 
good  Portland  cement  concrete,  and  it  is  claimed  that  in  Eui'ope  there 
are  jilaces  where  iron  is  now  to  be  seen  which  has  been  preserved  in 
.this  wav  for  centuries. 
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A  very  good  idea,  with  reference  to  i^aiuting,  has  been  brought  out  Mr.  Purdy. 
by  a  Boston  architect,  Mr.  Winslow,  of  Winslow  &  Wetherell.  He 
specifies  that  the  work  shall  have  three  coats  of  paint,  one  in  the  shop 
and  two  in  erection,  and  that  the  second  coat  shall  be  of  a  different 
color  from  the  first  or  third.  It  is  sometimes  quite  difficult  to  tell  what 
has  been  painted  and  what  has  not,  and  this  call  for  a  difference  in 
color  makes  it  very  evident  whether  the  painting  has  been  done  as 
sj^ecified  or  not. 

There  has  been  a  very  general  tendency  during  the  last  few  years 
to  abandon  the  old  iron  oxide  paint  and  use  graphite  or  red  lead. 
The  sjjeaker  believes  that  more  graphite  paint  is  being  used  now  than 
five  years  ago,  and  he  specifies  it  entirely  for  his  work.  Grajjhite, 
with  good  linseed  oil,  if  it  can  be  obtained,  makes  a  very  good  paint. 
For  work  under  groitnd  he  has  sjjecified  asi:)halt  covering,  esj^ecially 
where  an  extra  amount  of  moisture  is  to  be  contended  with.  At  the 
present  time  the  speaker  is  putting  columns  in  walls  from  20  to  30  ft. 
under  ground  where  he  has  specified  that  the  columns  shall  be  en- 
closed in  a  bed  of  concrete  at  least  3  ins.  thick  around  every  jiart  of 
the  iron.  The  concrete  is  to  be  made  with  Portland  cement,  and  the 
concrete  column  so  formed  is  to  be  made  comparatively  smooth  on 
the  outside.  This  in  turn  is  to  be  made  thoroughly  water-proof  with 
asphalt.  Outside  of  that  the  wall  is  mostly  granite,  and  it  has  been 
specified  that  the  space  between  this  water-proofing  and  the  granite 
shall  be  filled  with  concrete.  In  some  cases,  however,  there  is  brick 
masonry,  and  it  is  specified  that  it  shall  be  built  close  to  the  water- 
proofing. 

Good  Portland  cement  concrete,  at  least  2  or  3  ins.  thick,  is  im- 
pervious to  water,  unless  the  water  is  under  some  pressure,  in  which 
case  it  cannot  be  relied  on.  However,  there  is  no  danger  from  moisture 
alone  if  the  atmosphere  can  be  excluded.  Both  air  and  moisture  are 
requisite  to  produce  corrosion.  A  number  of  French  experiments 
show  that  the  Portland  cements  become  more  water-proof  with  time. 
If  concrete  is  properly  made,  each  stone  will  be  covered  with  cement, 
so  that  it  would  seem  to  make  little  difference  what  kind  of  stone  is 
used.  Much  concrete  is  improperly  mixed.  In  the  extensive  work 
now  being  done  on  the  new  Union  De^jot  in  Boston,  it  is  astonishing 
to  see  how  perfectly  the  concrete-mixing  machines  do  their  work. 
They  turn  out  a  homogeneous  mass,  no  stone  being  visible.  It  is  the 
cement  that  does  the  work  everywhere;  and  when  the  cement  fails, 
then  the  concrete  must  also  fail. 

The  subject  is  very  interesting  and  there  is  no  doiibt  the  time  is 
coming  when  the  necessity  for  jarotecting  the  tremendous  quantities 
of  structural  iron  that  are  being  put  into  buildings  and  bridges  will 
force  itself  upon  engineers  and  architects  with  much  more  emphasis 
than  it  has  heretofore. 
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CORRESPONDENCE. 


Mr.  Everest.  Chables  M.  Evekest,  F.  Am.  Soc.  C.  E. — The  water  in  the  "slush- 
ing oil  "  referred  to  by  Mr.  Thomson  is  so  intimately  mixed  with  the 
oil  in  the  process  of  manufacture  that  it  is  impossible  to  settle  it  out, 
and  it  can  only  be  removed  by  keeping  the  oil  at  a  temperature  much 
above  212°  Fahr.  for  a  considerable  length  of  time. 

An  interesting  and  very  sensitive  test  for  determining  the  presence 
of  moisture  is  to  plunge  a  piece  of  cherry -red  iron  into  the  oil;  if  there 
is  the  slightest  trace  of  moisture  its  contact  with  the  red-hot  iron 
causes  explosions,  graphically  described  as  'snapping."  If  there  is 
no  moisture  in  the  oil  there  is  no  effect  excepting  that  smoke  is  gener- 
ated by  the  heating  of  the  oil  which  comes  in  contact  with  the  iron. 
Mr.  Breithaupt  W.  H.  Breithaupt,  M.  Am.  Soc.  C.  E. — This  is  a  valuable  paper  in 
that  it  gives,  in  well-condensed  form,  much  practical  and  applicable 
information  as  to  equipment  required,  as  to  cost  of  labor  and  material, 
and  as  to  other  general  items  aflfecting  bridge  painting.  One  thing, 
however,  is  to  be  regretted.  On  page  23  the  author  says:  "No  at- 
tempt was  made  to  analyze  the  cost  on  the  basis  of  surface  covered,  as 
this  would  have  been  an  exceedingly  tedious  job  and  of  little  use." 
A  closely  approximate  estimate  of  surface  per  lineal  foot  of  span  could 
have  been  readily  obtained  and  would  have  been  of  very  definite  value. 
The  author's  sixth  and  seventh  conclusions  are  of  value  only  for  esti- 
mating on  work  where  the  number  of  feet  of  surface  jier  unit  length 
of  structure  approximates  that  for  the  structure  he  discusses.  This  is 
still  very  far  from  being  uniform,  even  for  like  span  lengths.  The 
floor  may  be  uniform  for  longer  or  shorter  spans  throughout,  or  may 
vary  considerably.  An  estimate  based  on  square  feet  of  surface  covered 
is  the  only  one  on  which  much  reliance  can  be  placed,  and  a  deter- 
mination of  the  amount  of  paint  required  to  cover  a  certain  surface 
must  be  the  basis  to  begin  with. 
Mr.Wilgus.  W.  J.  WHiGUS,  M.  Am.  Soc.  C.  E. — It  is  to  be  regretted  that  the 
subject  of  painting  has  not  received  the  careful  consideration  from 
engineers  that  its  importance  would  justify.  No  branch  of  the  pro- 
fession has  been  developed  and  perfected  as  rapidly  and  thoroughly  as 
that  devoted  to  the  design  and  construction  of  steel  bridges,  and  still, 
with  all  the  niceties  as  to  the  chemical  and  physical  properties  of  the 
steel,  and  the  precise  sections  required  for  the  various  members,  the 
painting,  which  is  the  sole  protection  of  the  structure  against  the 
ravages  of  its  destroyer  and  worst  enemy,  "rust,"  is  in  the  majority 
of  cases  done  in  a  j^erfunctory  manner,  on  unclean  surfaces,  with  im- 
pure and  often  worthless  matex-ials.  The  triith  of  this  statement  is 
rarely  questioned,  but  the  reply  usually  given  is  that  more  careful 
methods  and  better  paints  are  too  expensive. 
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Assuming  that  more  perfect  methods  wouhl  increase  the  first  cost  Mr.  Wiigus. 
of  the  structure  ^% — say,  SI  per  ton — it  -will  be  seen  that  unit  stresses 
would  require  a  very  slight  increase  to  reduce  the  weight  sufficiently 
to  compensate  for  the  additional  cost.  However,  a  study  of  Table  No. 
2,  showing  the  cost  of  repainting  thirty-three  steel  bridges  on  the  Rome, 
Watertown  and  Ogdensburg  Eailroad  during  the  past  two  years,  as 
well  as  an  analysis  of  the  figures  given  by  the  author,  will  disclose  the 
fact  that  cheap  methods  of  painting  are  really  the  most  expensive 
when  viewed  from  the  maiutenance-of-way  point  of  view.  The  aggre- 
gate weight  of  these  bridges  is  5  728  000  lbs.  They  were  originally 
painted  with  two  coats  of  a  "  patent "  paint  that  utterly  failed  within 
a  year  from  the  time  of  its  application.  The  table  represents  the  cost 
of  cleaning  each  structure  with  wire  brushes,  and  repainting  with  one 
coat  of  an  asphaltum-varnish  paint  prepared  from  the  following 
formula  of  C.  B.  Dudley,  M.  Am.  Soc.  C.  E. : 

4    lbs.  lampblack  ground  in  pure  raw  linseed  oil. 
f  gallon  asphaltum  varnish  (genuine), 
-f  gallon  pure  boiled  linseed  oil. 
X  gallon  drying  japan. 

The  ingredients  were  purchased  and  mixed  by  the  railroad  com- 
pany. They  cost  from  60  to  80  cents  per  gallon,  and  covered  about 
350  sq.  ft.  per  gallon. 

The  labor  cost  $2  per  day. 

The  calculation  of  the  exposed  areas  of  many  of  the  plate  girder 
bridges  disclosed  the  fact  that  for  every  net  ton  of  steel  there  were  100 
sq.  ft.  of  surface  requiring  painting;  or,  in  other  words,  the  cost  per 
"square  "  was  the  same  as  the  cost  per  "  net  ton  "  for  bridges  of  the 
plate  girder  type. 

The  chief  item  of  interest  to  be  noted  is  that  the  cost  of  labor 
amounts  to  two-thirds  of  the  total  cost.  From  this  it  appears  that  the 
cheap  paint  of  short  life  is  by  far  the  most  expensive  substance  to 
place  on  steel  bridges.     For  instance,  take  the  following  comparison: 

Interior  Paint  (One  Coat). 

Cost  of  labor  per  ton 40  cents. 

Cost    of    matei'ial  per  ton,   based   on 

paint  at  48  cents  per  gallon 16       " 

Total "56       " 

Cost  per  coat  i^er  ton  per  year,  calling 

life  of  paint  two  years 28      cents. 

Superior  Paint  (One  Coat). 

Cost  of  labor  per  ton 40  cents. 

.Cost    of    material    per  ton,  based  on 

paint  at  96  cents  per  gallon 32       " 

Total T2       " 

Cost  per  coat  per  ton  per  year,  calling 

life  of  paint  ten  years 7^    " 
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Mr.  Wilgus. 
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In  other  words,  the  superior  paint  at  double  the  jjrice  per  gallon  Mr.  Wiigus. 
of  the  inferior  paint  costs  but  one-fourth  as  much  per  year.  Even  if 
the  cost  of  labor  is  increased,  so  as  to  guarantee  more  efficient  clean- 
ing of  surfaces,  there  will  be  a  marked  saving  per  year  in  cost  of 
maintenance.  In  addition  to  the  much  greater  cost  due  to  the  use  of 
the  inferior  paint,  there  is  the  even  more  powerful  argument  that  it 
does  not  protect  the  iron  from  corrosion,  and  before  it  can  be  replaced 
with  a  new  coat,  the  disease  "  rust,"  which  cannot  be  reached  by  the 
cleaning  process,  is  lodged  among  the  details  and  connections,  and 
the  life  of  the  structure  is  alarmingly  shortened. 

Experiments  and  examination  of  various  paints  in  actual  use,  have 
convinced  the  writer  that  the  qualities  that  separate  good  from  bad 
paint,  are: 

[a)  Good  adhesion  to  the  metal. 

{b)  Lack  of  porosity. 

(o)  Resistance  to  chemical  and  galvanic  action. 

The  absence  of  any  one  of  these  three  qualities,  even  if  the  others 
exist,  will  cai;se  the  paint  to  fail. 

The  majority  of  the  patent  paints  on  the  market  simply  disguise 
under  euphonious  titles  a  conglomeration  of  worthless  ingredients 
for  which  the  purchaser  pays  good  roimd  j^rices.  The  preferable 
method  Avould  seem  to  be  the  i)urchasing  and  mixing  of  pure  un- 
adulterated ingredients  by  the  consumer.  The  writer's  preference  is 
to  apply  a  heavy  priming  coat  of  red  lead  and  oil  to  a  clean  dry  sur- 
face, followed  by  one  or  two  coats  of  asphaltum-varnish,  heretofore 
described.  The  use  of  linseed  oil  as  a  first  coat  appears  to  be  ob- 
jectionable, as  it  not  only  acts  as  a  "  catch  all  "  for  grit,  dirt,  etc., 
but,  moreover,  being  unmixed  with  a  pigment,  it  never  thoroughly 
hardens,  and  ultimately  blisters  the  succeeding  coatings  of  paint. 

With  improved  methods,  the  use  of  the  sand  blast  for  cleansing 
and  compressed  air  for  cheap  and  thorough  application  of  the  paint, 
will  undoubtedly  come  into  general  use  for  coating  bridges. 

Edwin  D.   Graves,    M.    Am.   Soc.    C.    E.  — This  paper  suggests  to  Mr.  Graves, 
the  writer  the  idea  that  data  in  the  same  line  on  the  cost  of  painting 
lighter  bridge  work  may  be  of  some  value  and  interest  to  engineers. 
The  author  truly  says  that  there  is  very  little  in  print  which  will  give 
an  engineer  data  for  a  close  estimate  of  this  nature. 

During  the  summer  of  1897  the  writer  Avas  asked  to  give  an  esti- 
mate of  the  cost  of  painting  about  404  000  lbs.  of  structural  steel- 
work in  the  form  of  light  bridge  trusses,  in  spans  varying  in  length 
from  80  ft.  to  136  ft.,  the  total  length  being  about  1  000  ft.  The  lack 
of  available  examples  on  which  to  base  an  estimate  suggested  the  ad- 
visability of  keeping  a  record  of  the  cost  of  the  work.  Means  for 
recording  all  the  items  of  expenditure  in  shape  to  work  out  results 
for  future  use  were  adopted.     These  results  the  writer  is  glad  to  add 
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Mr.  Graves,  to  the  author's,  as  exemplifying  the  costs  on  a  lighter  class  of  work 
and  with  another  kind  of  paint. 

The  steel-work  in  question  had  been  in  place  one  year.  It  was 
painted  in  the  shop  with  one  coat  of  iron  oxide  paint.  In  the  spring 
of  1897  the  greater  i)art  of  the  work  Avas  bare  and  rusted  or  scaling 
badly.  The  surfaces  were  all  carefully  scraped  with  a  steel  scraper, 
or  brushed  with  a  steel  wire  casting  brush.  The  dust  was  afterward 
removed  with  an  ordinary  whisk  broom,  and  a  coat  of  No.  38  Detroit 
Graphite  Paint  carefully  laid  on.  The  paint  cost  61.10  per  gallon 
delivered. 

The  floor  beams  and  bottom  chord,  being  most  exposed  to  drip 
and  dirt,  and  consequently  most  likely  to  rust,  were  painted  a  second 
coat.  The  work  was  done  by  the  day  for  much  the  same  reason  men- 
tioned by  the  author.  The  foreman  received  $3.50  per  day,  and 
usually  had  from  eight  to  twelve  men  at  $1.75.  These  men  were  mostly 
laborers,  with  a  few  bridge  men  for  the  top  work. 

TABLE  No.  3. — Showing  Distkibution   of  Cost  of  Painting. 
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lons. 

^ 

o 

o 

o 

m 

o 

o 

^ 

oi 

o 

fi 

«w 

• 

^ 

o 

^ 

» 

a 

1 

CO 

! 

a 
o 

£ 

CM 

M 

a 

a> 

u 

h 

cts. 

Ph 

O 

Ph 
Cts. 

et, 

O 

Ph 

u 

s 

o 

h 

fi^ 

First   coat,    including 
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Cts. 

cts. 

Cts. 
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cts. 

cts. 

scraping  and  brush- 

ing 1  000  ft.  of  double 

triangular     trusses. 
Weight,   404  000  lbs. 

Spans,   80  to  136  ft. 

long 

$293 

72 

29 

154 

$209.00 

52 

21 

190 

47 

19 

$502.00 

124 

.Ml 

Second   coat  on    bot- 

tom chord  and  floor 

beams.   Weight,  200- 

000  lbs 

58 

29 

166 

38.50 

19 

35 

17i 

96.50 

48 

The  following  comparisons  may  be  drawn: 

The  labor  per  1  000  lbs.  is  higher  than  that  given  by  the  author, 
because  of  the  greater  surface  area  per  pound  on  very  light  shapes, 
requiring  more  labor  in  spreading  the  paint,  and  more  moving  of 
the  scafifolds. 

The  labor  on  the  second  coat  is  also  higher,  on  account  of  being 
all  underneath  the  floor  and  less  easily  reached. 
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The  number  of  gallons  of  paint  per  1  000  lbs.  of  iron  agrees  fairly  Mr.  Graves, 
well  ^yiih   the  first   coat  on  the  Louisville  ajiproach.     The  total  per 
1  000  lbs.  for  two  coats  (0.64  gall.)  is  a  little  higher  than  the  average 
of  all   shown  in  the  author's  table,  which  is  to  be  expected  on  the 
lighter  work. 

The  comj^osition  of  the  several  kinds  of  jiaint  employed  is  clearly 
a  separate  question,  and  has  no  bearing  on  this  discussion.  The  wear- 
ing qualities  can  only  be  determined  by  time,  but  the  writer  fails  to 
see  in  the  paper  any  argument  in  favor  of  oxide  of  iron  i^aint. 

C.  D.  PuRDON,  M.  Am.  Soc.  C.  E. — This  jiaj^er  is  interesting  in  that  Mr.  Purdon. 
it  treats  of  a  subject  on  which  very  little  has  been  published.     The 
author  has  jiresented  the  matter  in  a  convenient  form,  and  while  his 
dediictions  are  useful,  so  far  as  they  go,  the  data  are  hardly  sufficient  to 
establish  any  rules. 

Some  years  ago  the  writer  had  the  same  difficulty  as  the  author  in 
obtaining  data  on  which  to  base  preliminary  estimates,  and  since  that 
time  he  has  kept  record  of  all  painting  where  correct  figures  could 
be  obtained.  He  has  found  that  any  information  available  was  based 
on  the  square  yard  of  surface  as  a  unit,  and  as  this  involved  a  good 
deal  of  tedious  calculation  and  great  chance  of  error,  and  also  because 
a  square  yard  of  bridge — perhai)s  inside  of  chords  or  posts  and  not 
easily  accessible — is  hardly  comparable  with  an  ordinary  plane  surface, 
he  sought  for  some  other  unit,  and  chose  the  pound  of  metal  as  being 
convenient  and  easily  obtained  in  most  cases. 

Four  tables  are  presented  herewith.  Table  No.  4  shows  the  results 
of  painting  new  bridges  with  two  coats  of  red  lead  and  oil  over  a  coat 
of  oil  applied  at  the  shops,  a  small  quantity  of  lampblack  being  mixed 
with  the  second  coat  to  produce  a  less  obtrusive  color. 

Table  No.  5  shows  the  results  of  painting  two  large  bridges  over  the 
Arkansas  River,  for  which  data  the  writer  is  indebted  to  C.  I.  Brown, 
M.  Am.  Soc.  C.  E.  These  bridges  received  two  coats  of  red  lead  and 
oil,  having  been  originally  i^ainted  with  mineral  paint.  The  cost  of 
cleaning  off  the  old  paint  is  included,  and  was  almost  equal  to  the  cost 
of  applying  the  first  coat  of  red  lead. 

Table  No.  6  contains  data  for  a  number  of  bridges  which  received 
two  coats  of  mineral  paint,  having  been  originally  painted  with  the 
same  material. 

Table  No.  7  contains  data  for  some  bridges  which  were  repainted 
with  one  coat  of  mineral,  having  been  originally  painted  with  the  same 
material.  In  the  last  two  cases  the  old  paint  was  not  cleaned  off,  rusty 
spots  only  being  cleaned. 

These  tables  give  the  cost  per  1  000  lbs.  of  iron  for  painting  different 
kinds  of  bridges  with  different  kinds  of  paint,  but  the  writer  does  not 
think  the  examples  are  sufficiently  numerous  to  deduce  any  rules  from. 
For  instance,  in  Table  No.  6  the  foixrth  and  fifth  items  give  the  cost  of 
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Mr.  Purdon.  painting  two  different  bridges,  almost  exactly  the  same,  by  two  dif- 
ferent gangs  of  painters;  and  wliile  the  cost  of  labor  is  almost  the 
same,  one  gang  seems  to  have  used  a  great  deal  more  paint  than  the 
other. 

In  getting  the  cost,  brushes  are  included,  but  no  charge  is  made 
for  staging,  as  in  these  bridges  the  same  rigging  was  iised  at  many 
different  places,  and  its  cost,  for  any  one  bridge,  would  have  been 
difficult  to  ai-rive  at,  and  very  small  when  obtained. 

The  average  of  a  great  many  bridges  would  be  necessary  to  obtain 
correct  averages  from  which  to  deduce  rules.  The  author  makes  the 
cost  of  labor  and  material  nearly  equal,  while  the  writer's  tables  give 
the  cost  of  labor  as  nearly  double  that  of  the  material.  The  red  lead  is 
intended  to  be  «sed  in  the  proportions  of  33  lbs.  to  each  gallon  of  oil, 
■§■  lb.  of  lampblack  being  added  to  each  33  lbs.  of  red  lead  for  the  second 
coat.  Some  of  the  mineral  paint,  as  received,  is  too  thick  to  iise,  and 
requires  to  be  thinned  by  mixing  with  oil.  About  1  gall,  of  oil  is 
provided  for  4  galls,  of  mineral  paint  for  this  purpose. 

In  the  conclusion  of  the  paper  the  author  argues  that  the  use  of 
mineral  paint  is  preferable  to  red  lead.  While  this  is  a  question  ad- 
mitting of  a  good  deal  of  argument,  the  writer  does  not  care  to  enter 
upon  it,  his  object  being  simply  to  add  some  information  as  to  the 
cost  of  work  done,  and  he  hopes  that  other  members  may  furnish 
similar  results  of  their  experience.  The  writer  possesses  particialars 
of  a  large  number  of  other  bridges,  but  only  gives  those  for  which  he 
has  exact  weights. 
Mr.  Eayrs.  N.  W.  Eayrs,  M.  Am.  Soc.  C.  E. — That  the  author  has  not  been 
able  to  find  much  information  in  print  on  the  subject  of  the  cost  of 
painting  bridges  and  viaducts  under  traffic  is  not  surprising,  for  the 
conditions  which  affect  the  cost  vary  widely  with  different  structures. 
It  is  important  to  know  the  density  of  traffic,  which  has  a  very  con- 
siderable influence  on  the  cost;  the  covering  capacity  of  the  paint 
used,  the  rate  of  wages  paid,  and  the  condition  of  the  structure.  In 
regard  to  the  first  condition  mentioned,  the  author  was  particularly 
fortunate  in  having  infrequent  trains  on  the  bridge;  and  it  is  fair  to 
assume,  since  the  structure  which  forms  the  subject  of  the  paper  was 
built  quite  recently,  that  the  cost  of  cleaning  was  comparatively  small. 

The  table  of  distribution  of  cost,  submitted  by  the  author,  is  in- 
teresting to  engineers  who  have  the  maintenance  of  structures  in 
charge;  nearly  all  such  tables  which  have  come  to  the  writer's  notice 
being  applicable  to  shop  work  only.  Even  in  field  work,  tables  of 
cost  are  apt  to  be  untrustworthy  guides.  For  the  reasons  above 
mentioned,  they  can  furnish  only  approximate  estimates  of  the 
jarobable  cost  of  future  work. 

Another  factor  which  materially  affects  the  cost  of  painting  is 
the  consistency  of  the  paint  used.     Some  engineers  expect  to  cover 
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from  500  to  800  sq.  ft.  of  surface  with  a  gallon  of  paint,  while  others  Mr.  Eayrs. 
consider  that  from  300  to  400    sq.    ft.   is    as    much  as  a  gallon    will 
proi)erly  cover. 

As  a  matter  of  general  interest,  and  not  with  any  expectation  that 
the  data  given  will  be  a  safe  guide  to  other  engineers,  the  writer  sub- 
mits the  following  extracts  from  his  note-book  : 

Sf.  Louis  Merchants  Bridge. — This  bridge  is  a  double-track  struct- 
ure, with  two  trusses;  three  spans  of  517  ft.  6  ins.  each;  total  length 
of  bridge,  center  to  center  of  end  pins,  1  552  ft.  6  ins. ;  depth  of  truss 
at  center,  75  ft. ;  width,  out  to  out,  30  ft.  The  bridge  was  erected 
in  1890,  and  was  said  to  have  had  one  coat  of  "Cleveland  Iron 
Clad  "  in  the  shop,  and  one  coat  after  erection.  In  the  summer  of 
1895,  the  bridge  was  thoroughly  cleaned  and  painted  with  one  coat 
of  "Carbon  Paint."  The  metal  was  very  rusty,  and  the  cost  of  the 
labor  for  cleaning  was  quite  large;  just  what  percentage  is  not 
known,  as  it  was  not  practicable  to  separate  the  items  of  cleaning 
and  painting. 

The  material  used  was: 

4931  galls,  boiled  oil  at  58  cents ^286.08 

552^  galls,  carbon  paint  at  SI.  25 690.62 

Making  1  045|  galls,  of  paint  ready  for  use  at  93.3 

cents 976.70 

Sundry  supplies 69.96 


Total  material f  1  046.66 


Labor  account : 


48     days  at  S2.50 ^120.00 

91.4  "      "     2.25 205.65 

444.4     "      "     2.00 888.80 

51.5  "      "     1.00 51.50 

Total  labor 1  265.95 

Total  cost $2  312.61 

Cost  per  lineal  foot  of  bridge 1.49 

Gallons  of  paint  per  lineal  foot 0.67 

Labor  cost,  per  cent,  of  total 54.7% 

Ferry  Street  Bridge. — This  is  a  double-track  deck  span;  two  trusses; 
span  126  ft.  center  to  center,  resting  on  iron  columns.  It  was  cleaned 
and  painted  in  1895. 
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Mr.  Eayrs.        Material: 

22  galls,  carbon  paint,  at  .f  1.25 ^27.50 

32     "       boiled  oil,  at  58  cents 18.56 

Making  54  galls,  paint,  ready  for  use,  at 

85 . 3  cents $46 .  06 

Labor 97.70 

Total  cost $143.76 

Cost  per  lineal  foot 1.14 

Gallons  of  paint  per  lineal  foot 0 .  43 

Angelica  Street  Bridge. — Through  girder  bridge;  two  girders,  68  ft. 
span. 

Material : 

10  galls,  carbon  paint,  at  $1 .  25 $12 .  50 

10     "       boiled  oil,  at  58  cents 5.80 

Making  20  galls,  of  paint,  ready  for  use, 

at  91.5  cents $18.30 

Labor 22.00 

Total  cost $40.30 

Cost  per  lineal  foot 0 .  59-n)- 

Gallons  of  paint  per  lineal  foot 0 .  30 

Total  surface  of  bridge 6  250        sq.   ft. 

1  gall,  of  paint  covered 312.5         " 

Merchants  Bridge,  Elevated. — This  structure  was  erected  in  1890-91 
by  Eobert  Moore,  M.  Am.  Soc.  C.  E.,  and  is  described  by  him  in  a 
paper  before  this  Society.*  The  structure  is  of  the  usual  type  of 
modern  elevated  roads:  steel  columns  with  plate  girder  spans,  vary- 
ing in  length  from  28  to  35  ft.  The  structure  carries  a  double-track 
railroad.  It  was  painted  after  erection  with  an  iron  oxide  paint,  ex- 
cept a  small  portion,  about  100  ft.  in  length,  which  was  painted  with 
red  lead.  The  structure,  when  repainted  in  1897,  was  very  rusty,  the 
rust  spots  having  deeply  pitted  the  metal.  A  portion  of  the  structure, 
extending  from  Seventh  Street  to  Walnut  Street,  4  075  ft.  in  length, 
was  painted  by  contract  in  1897,  at  a  cost  to  the  railroad  company  of 
57  cents  per  lineal  foot  of  structure.  The  paint  used  was  "carbon  " 
paint,  which  has  been  used  almost  exclusively  by  the  Terminal  Rail- 
road Association  and  by  the  St.  Louis  Merchants  Bridge  Terminal 
Railway  for  several  years.  As  the  work  Avas  done  by  contract,  a  de- 
tailed statement  of  the  cost  would  be  inadvisable;   but  it  may  be 

*  See  Transactions,  Vol.  xxxi,  p.  500. 
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stated  that  the  material   cost  .f7i8.13,  includiug  paint,  oil  and  other  Mr.  Eayrs. 
supplies;  labor,  for  cleaning,  cost  ^657.67,  and  for  painting,  .§628.74. 
This  does  not  inchide  foreman's  or  inspector's  time.     The  total  labor 
amounted  to  $1  280.41.     The  labor  account  amounted  to  63.2°,(  of  the 
total  cost. 

aS"^.  Louis  {E>i(h)  Bridge. — This  bridge  was  repainted  in  1896,  but 
the  figures  of  cost  would  not  be  applicable  to  any  other  bridge.  The 
structure  consists  of  three  arched  spans,  of  a  total  length  of  1  524  ft. 
The  bridge  carries  a  double-track  railway  on  the  lower  floor,  and  a 
highway  on  the  upper  floor.  The  floor  beams  for  the  highway  floor 
are  the  horizontal  struts  of  the  wind  truss.  The  bridge  is  .54  ft.  wide, 
out  to  out.  The  metal  was  quite  rusty  in  places,  requiring  chipping 
to  remove  the  scale,  especially  the  floor  beams  overhead,  which  are 
exposed  to  the  smoke  of  locomotives.     The  cost  was  as  follows : 

650  galls,  carbon  paint,  at  ^1.25. . . .       •'$812.50 
675     "       boiled  oil,  at  35  cents. ..  .         236.25 


Making   1  325     "       paint,  at  .791 .fl  048.75 

Sundry  supplies 52 .  55 

Total  material 1$1  101 .30 

Labor: 

130  days,  at  $2.50 $325.00 

246     "       "      2.25 553.50 

955     "       "      2.00 1910.00 

Total  labor 2  788.50 

Total  cost 1$3  889.80 

Cost  per  lineal  foot 2 .  55 

Cost  per  1  000  lbs.  of  metal 0.35 

Labor  cost,  percentage  of  total 72^ 

All  the  above-mentioned  structures  were  painted  one  coat  only; 
for  this  reason  the  paint  applied  was  much  thicker  than  is  ordinarily 
used  for  single-coat  work.  The  paint  is  ground  especially  for  the 
writer's  work,  and  comes  in  the  condition  called  by  the  manufac- 
turers "semi-liquid,"  taking  1  gall,  of  oil  to  1  gall,  of  semi- 
liquid — or  about  that  proportion — to  make  it  ready  for  use.  The  only 
attempt  made  to  measure  the  covering  capacity  of  the  paint  was  on 
the  Angelica  Street  Bridge;  this,  being  a  jilate  girder  bridge,  could  be 
readily  measured. 

The  opinion  expressed  by  the  author  in  regard  to  iron  oxide  joaint 
opens  up  a  wide  field  for  a  discussion  of  the  relative  values  of  different 
paints  for  metal,  a  discussion  which,  perhaps,  is  not  germane  to  the 
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Mr.  Eayrs.  subject  of  the  paper.  It  may  be  interesting,  however,  to  give  a  state- 
ment of  a  comparative  test  made  on  the  Merchants  Bridge  Elevated. 
In  1891  spans  11,  12  and  13,  which  cross  the  switching  leads  into  the 
Wabash  freight  house,  were  painted  as  follows: 

Girders  IID  and  12D  were  painted  with  mineral  (oxide)  paint; 
girder  12C  has  the  east  side  of  the  web  painted  with  carbon  paint,  the 
west  side  of  web  with  mineral;  girders  13C  and  13D  were  painted  the 
same  as  12C.  All  these  girders  were  painted  at  the  same  time,  by  the 
same  men,  and  under  the  same  conditions,  and  they  have  been  exposed 
to  i^recisely  the  same  corrosive  influences.  In  the  latter  part  of  Septem- 
ber, 1897,  the  writer  carefully  inspected  the  girders,  and  found  that 
girders  IID  and  12D  showed  numerous  small  rust  spots  breaking 
through  the  covering;  the  west  side  of  girder  12C  showed  a  con- 
siderable number  of  small  rust  spots.  Girders  13C  and  13D  showed 
no  rust  spots  on  the  mineral  side.  In  no  case  were  any  rust  spots 
found  on  the  surfaces  covered  with  carbon  paint,  and  the  metal  under- 
neath the  paint,  wherever  tested,  was  found  to  be  clean.  The  min- 
eral ijaint  used  was  selected  by  the  chief  engineer  after  careful 
examination  of  various  paints. 

Mr.  Selby.  O.  E.  Selbt,  Jun.  Am.  Soc.  C.  E. — ^It  is  gratifying  to  the  author 
to  have  brought  out  in  the  discussion  the  notes  and  information 
furnished,  particularly  the  tables  given  by  Messrs.  Wilgus,  Graves, 
Purdon  and  Eayrs.  A  comparison  of  the  different  results  shows,  as 
was  to  be  expected,  large  variations  in  the  unit  costs  caused  by  differ- 
ences in  character  of  structure,  local  conditions,  etc. ;  but,  when 
more  of  such  information  is  made  available,  one  will  be  able  to  make 
a  fairly  close  estimate  for  a  given  structure  based  on  the  weight  rather 
than  the  surface  covered,  and  the  discussion  tends  to  confirm  the 
author  in  the  belief  that  the  1  000-lb.  unit  will  prove  to  be  the  most 
convenient  for  estimating  painting. 

The  remarks  in  the  paper  on  the  use  of  oxide  of  iron  paint  were 
not  intended  to  open  that  subject  for  discussion,  nor  to  indicate  an 
unqualified  adherence  to  that  material  as  a  standard,  but  only  to  point 
out  what  can  be  done  with  it,  viz.,  in  this  case  a  thoroughly  good  job 
of  painting  at  an  unusually  small  labor  cost. 


Vol.  XXXIX.  JUNE,  1898. 


AMEKICAN  SOCIETY  OF  CIVIL  ENOINEERS. 

INSTITUTED    185  2. 


TRANSACTIONS. 


Note.— This  Society  is  not  responsible,  as  a  bo<ly,  for  the  facts  and  opinions  advanced 
in  any  of  its  publications. 


No.  821. 


GEOLOGY  IN  ITS  RELATIONS  TO    TOPOGRAPHY. 


By  John  C.  Beannek,  Ph.  D.* 
Pbesented  November  17th,  1897. 


WITH  DISCUSSION. 

If  there  are  laws  governing  the  origin  and  development  of  topo- 
graphic forms,  nothing  is  clearer  than  that  a  knowledge  of  these  laws 
must  be  of  great  importance  to  those  who  have  to  deal  with  such  forms; 
and,  indeed,  there  is  a  constant  demand,  among  those  who  have  not 
devoted  much  time  to  a  study  of  the  subject,  for  short  and  simple  em- 
pirical rules  for  topography.  There  are  such  rules  for  topographic 
forms,  biit  they  bold  good  only  in  limited  areas,  and  fail  utterly  when- 
ever their  general  application  is  attempted.  There  is  also  a  widespread 
disposition  to  appeal  for  explanation,  especially  of  bold  topographic 
forms,  to  the  supernatural,  to  violent  cataclysmic  disturbances,  sub- 
terranean upheavals,  volcanic  outbursts  and  "  blow-outs,"  and  to  the 
Miltonian  idea,  in  which:  "The  mountains  huge  appear  emergent,  and 
their  broad,  bare  rocks  upheave  into  the  clouds."  One  serious-minded 
writer  thinks  the  great  gorge  in  the  Cascade  Mountains,  through 
■which  the  Columbia  River  flows,  was  made  by  God  drawing  his  finger 
across  that  range,  f 

*  Professor  of  Geology  in  Stanford  University. 

t  Journal  of  an  exploring  tour  beyond  the  Rocky  Mountains,  by  Rev.  Samuel  Parker, 
Ithaca.  N.  Y,,  1838,  p.  215. 
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To  arrive  at  any  coinprelieusion  of  topography,  such  ideas  must  be 
put  aside  at  the  outset;  and  the  laws  that  mould  topography  to-day, 
the  agencies  which  jiroduce  it,  the  materials  worked  upon,  and  how 
the  work  is  done,  must  be  studied  before  the  results  can  be  under- 
stood. 

Topography  is  the  expression  of  geologic  structure  pretty  much  as 
the  outlines  of  the  human  body  are  the  exjiression  of  its  anatomical 
structure.  To  be  more  j^recise,  topography  is  the  resultant  of  the 
operations  or  eroding  agencies  and  the  resistance  of  the  rocks,  the 
time  of  their  exi:)osure,  the  initial  position  of  the  surface,  and  the  oro- 
graphic changes  suffered.  These  are  all  fundamentally  matters  of 
geology,  and  the  following  generalizations  may  be  laid  down  without 
fear  of  successful  contradiction:  first,  that  no  one  can  understand 
topography  unless  he  comprehends  the  geologic  reasons  for  it;  and 
secondly,  that  unless  one  understands  topography  he  cannot  rejjresent 
it  correctly.  To  set  a  man  at  work  on  topography  who  knows  nothing 
of  geology  is  very  like  having  some  one  perform  a  surgical  operation 
who  knows  nothing  of  anatomy. 

"  We  see,  according  to  the  light  that  is  within  us."  One  cannot 
picture  a  subject  he  has  not  studied.  However  skilled  a  draftsman  or 
artist  may  be  in  the  technique  of  his  art,  unless  he  understands  the 
animal  or  plant  he  has  to  draw,  he  cannot  make  a  correct  picture  of  it. 
In  topographic  representation  this  is  equally  true,  and  it  is  the  more 
important  because  a  large  part  of  every  map  must  be  sketched  in,  and 
this  sketching  cannot  be  done  properly  unless  he  who  does  it  knows 
what  ought  to  be  there.  Unless  the  topographer  knows  what  to  look 
for  he  doesn't  find  it,  or  he  finds  only  a  part  of  it.  This  statement  is 
based  on  no  small  amount  of  experience  of  this  fact.  It  has  been  the 
author's  duty  to  employ  many  topographers,  and  all  his  experience  of 
their  work  has  but  confirmed  this  opinion. 

It  is  of  the  utmost  importance  to  the  topographer  that  he  should 
know  what  kind  of  topography  to  expect,  and,  to  this  end,  the  more  he 
knows  of  the  materials  in  which  topography  is  cast,  and  of  the  agen- 
cies that  shape  it,  the  clearer  will  be  his  insight,  the  less  waste  of  time 
and  energy  will  there  be,  and  the  truer  will  be  his  representation  of 
the  relief. 

The  object  of  this  paper  is  partly  to  i)oint  out  the  origin  and  con- 
trolling factors  of  some  of  the  more  important  topographic  forms,  and 
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partly  to  show  the  necessity  of  a  knowledge  of  geology — especially  of 
strnctural  geology — to  the  topographer. 

Rocks  the  Material,  of  Topography. 

Topography  as  here  dealt  with  is  the  representation  of  the  forms  of 
the  earth's  surface.  These  forms  are  impressed  upon,  carved  in,  or 
otherwise  made  of  the  soils  and  rocks  of  the  earth's  crust;  but  these 
rocks  vary  among  themselves  to  such  an  extent,  in  hardness,  struct- 
ure, texture  and  jjosition,  that  when  subjected  to  the  same  shaping 
agencies  they  yield  very  different  results.  It  is  necessary,  therefore, 
at  the  outset,  that  the  topographer  should  have  at  least  a  general 
knowledge  of  the  different  kinds  of  rocks,  what  they  are,  how  they 
originate,  and  of  the  forms  of  the  masses  in  which  they  occur. 

For  the  purposes  of  the  present  jiaper  rocks  may  be  classified  ac- 
cording to  the  forms  and  origin  of  their  beds  as  follows : 

Water-bedded  rocks  or  those  laid  down  in  water  as  mechanical, 
chemical  or  organic  sediments. 

Wind-bedded  rocks,  or  those  deposited  on  land  in  the  form  of 
blown  sand  or  dust. 

Organic  dej^osits,  or  those  made  by  living  organisms,  whether  ani- 
mal or  plant. 

Igneous  rocks,  or  those  cooled  from  a  molten  condition. 

Origin  or  the  Different  Kinds  of  Rocks. 

Brief  descriptions  of  the  methods  of  formation  of  these  different 
classes  of  rocks  will  be  given,  in  order  that  the  forms  of  the  deposits 
may  be  understood,  and  eventually  the  topographic  relief  to  which 
they  give  rise. 

The  Origin  of  Water- Bedf fed  Bocks. — Water-bedded  or  sediment- 
ary rocks  are  those  made  of  sediments,  or  fragmental,  or  skeletal 
materials,  whether  of  mineral  or  organic  origin,  and  laid  down  in 
water. 

The  sands,  gravels,  and  clays  washed  by  a  stream  into  a  lake  or  sea 
settle  to  the  bottom  and  form  beds  of  mechanical  sediments.  In  time 
the  sands  form  sandstones,  the  gravels  make  grits  and  conglomerates, 
and  the  clays  make  shales  and  slates.  When  the  microscopic  organ- 
isms that  live  in  the  sea  perish,  their  skeletons  sink  to  the  bottom  and 
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form  beds  of  organic  origin.  Waves  beat  upon  shores  strewn  with 
molluscan  shells  or  upon  coral  reefs,  break  off  fragments  and  grind 
them  to  powder,  and  this  material  is  swept  out  by  the  undertow  and 
sinks  to  the  bottom  to  form  sedimentary  beds  of  organic  origin.  All 
these  sedimentary  deposits,  whether  they  are  coarse  heavy  cobble- 
stones, small  pebbles,  sands  or  clays,  are  deposited  in  approximately 
horizontal  layers  in  the  bottom  of  the  lake,  sea,  or  ocean. 

It  is  important  to  note  also  that  the  marine  sediments  are  either 
carried  down  from  the  land  by  streams,  or  are  taken  from  the  imme- 
diate shores  and  carried  out  to  sea  by  the  undertow.  It  follows  in 
either  case  that  the  heaviest  sediments,  the  boulders  and  pebbles,  sink 
to  the  bottom  first  and  nearest  the  shore,  while  the  finest  silts,  the 
clays,  are  carried  farthest.  The  currents  bearing  the  finer  silts  sea- 
ward are  seldom  checked  suddenly,  and  the  result  is  that  the  weight 
of  the  particles  which  can  be  carried  in  suspension  decreases  with  the 
force  of  the  current.  For  this  reason,  over  any  given  area,  the  coarser 
sediments  merge  imperceptibly  into  the  finer  ones. 

When,  in  the  course  of  the  earth's  history,  such  beds  are  lifted  from 
the  sea  bottom  to  form  land,  the  peculiarities  and  local  variations  of 
these  deposits  must  have  some  influence  on  the  topography  carved  in 
them. 

In  the  case  of  marine  sedimentary  beds,  made  up  wholly  or  largely 
of  the  skeletal  remains  of  microscopic  organisms,  the  deposits  are  not 
so  liable  to  local  variations  as  are  the  mechanical  silts.  These  marine 
organisms  live  in  the  water  at  or  near  the  surface,  and  their  remains 
sink  to  the  bottom  over  large  areas,  while  the  uniformity  in  their  sizes 
and  weights  off'ers  but  little  opportunity  for  any  selective  action  by 
currents. 

Some  water-laid  beds  are  produced  by  chemical  precipitation.  In 
the  case  of  salt  lakes,  where  the  water  is  being  evaporated,  when  it 
reaches  a  certain  density,  the  gypsum  in  solution  is  precipitated, 
and  further  evaporation  causes  the  precipitation  of  the  salt.  The 
beds  thus  deposited  settle  over  and  conform  to  the  bottom  of  the 
basin,  and  are  therefore,  in  form,  very  like  mechanically  deposited 
sediments. 

Wind-deposited  rocks  will  not  be  discussed  in  this  paper. 

Organic  deposits,  other  than  those  already  mentioned,  are  coral 
reefs  and  peat  beds.     The  coral  reefs  produce  some  of  our  limestone 
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beds,  while  lignite  and  coal  have  been  formed  from  peat.  The  coral 
reef  rocks  are  the  skeletons  secreted  by  coral  polyps.  The  reef-build- 
ing forms  of  these  animals  can  live  only  in  Avarm  (68^  Fahr.),  shallow 
(less  than  100  ft.)  sea  water,  and  they  are  thus  obliged  to  extend  their 
beds  horizontally,  except  where  by  slow  subsidence  of  the  sea  bottom 
they  are  enabled  to  grow  upw^ard. 

Peat  grows  only  in  moist  places,  and  for  the  most  part  in  fiat, 
marshy  ones,  such  as  the  Dismal  Swamp  of  Virginia.  In  the  course  of 
geologic  time  the  peat  becomes  lignite,  and  still  later  coal.  The  inter- 
stratiftcation  of  coal  beds  with  marine  sediments  can  only  l)e  accounted 
for  by  supposing  the  peat  beds  to  have  sunk  beneath  the  sea,  and  that 
subsequent  elevation  permitted  the  re-establishment  of  the  peat 
swamps. 

Igneous  Rocks. — The  rocks  that  have  been  in  a  molten  condition  in- 
clude the  masses  that  have  been  poiired  out  through  the  crust  and 
over  it  as  great  lava  outflows,  those  that  have  tilled  and  cooled  in 
cracks  in  other  rocks,  and  also  the  materials  that  have  been  blown  out 
by  volcanoes  and  have  fallen  to  the  earth  as  ashes  and  scoriae.  Where 
these  rocks  have  been  spread  over  the  surface  as  lava  sheets,  their  early 
forms  have  been  determined  by  the  fluidity  of  the  molten  rock  and  by 
the  surface  over  which  they  have  spread.  Sometimes  they  have  been 
submerged  after  cooling,  and  sedimentary  beds  have  been  laid  down 
on  top  of  them.  Where  they  have  been  intruded  into  crevices,  their 
forms  have  been  fixed  by  the  crevices  themselves.  These  are  known 
as  dikes.  In  the  cases  of  fragmental  materials  blow'n  from  volcanic 
vents,  the  forms  are  limited  to  local  accumulations  lying  in  conical 
heaps.  Sometimes  these  materials  have  fallen  in  water,  and,  settling 
to  the  bottom,  have  taken  on  the  appearance  of  sedimentary  beds,  so 
far,  at  least,  as  their  gross  structure  is  concerned.  Such  beds  are 
known  as  water-laid  tufifs. 

The  Inteknal  Changes  Undeegone  by  Rocks. 

The  materials  of  sedimentary  rocks  are  at  first  soft  and  incoherent, 
but  in  the  course  of  geologic  time  most  of  them  become  comjoact  and 
hard,  either  from  the  j^ressure  of  other  rocks  heaped  upon  them,  or  on 
account  of  the  deposition  within  them  of  cementing  materials,  or  from 
a  combination  of  the  two,  or  on  account  of  metamorphism  or  internal 
changes. 
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Angular  rock  fragments  form  breccias,  pebbles  and  gravels;  other 
coarse  sediments  form  conglomerates,  or  pudding  stones;  sands  form 
sandstones,  and  clays  form  shales  or  slates.  The  calcareous  organic 
remains  form  chalks  and  limestones,  while  siliceous  organisms  make 
siliceous  shales,  diatomaceous  earths,  cherts,  flints  and  jaspers. 
Peats  form  lignite  and  coal.  Even  the  igneous  rocks  themselves  are 
often  greatly  changed  by  being  reheated  or  by  the  action  of  hot 
water.  These  changes  are  all  internal;  some  of  them  are  the 
results  of  physical  forces,  such  as  pressure,  while  others  are  of 
a  chemical  nature. 

Structukal  Changes  in  Beds  of  Eocks. 

Although  the  sedimentary  rocks  were  originally  laid  down  in  ai)- 
proximately  horizontal  beds,  yet,  where  they  have  been  lifted  from 
beneath  the  water,  they  have  not  always  risen  evenly.  Their  hori- 
zontality  has  been  disturbed.  They  have  been  tilted  this  way  and  that, 
sometimes  thrown  into  gigantic  folds  miles  across,  sometimes  into 
wrinkles  or  close  crumples,  and  sometimes  they  are  broken,  and  the 
edges  of  the  beds  have  slipped  past  each  other.  These  last-mentioned 
breaks  and  displacements  are  called  faults. 

Folds  and  faults  are  likely  to  occur  in  groups,  that  is,  gentle  folds 
occur  together,  and  closely  squeezed  folds  occur  together,  but  the 
two  kinds  are  not  often  found  in  the  same  region.  Folds  may  be 
long  or  short.  Short  folds  often  overlaj)  each  other  slightly  at  the 
ends.  The  axes  of  folds  are  generally  approximately  jjarallel  in  a 
given  area. 

Faults  are  also  disjjosed  to  parallel  systems  in  a  given  region. 
They  may  be  close  together  or  far  apart;  and  the  amount  of  dis- 
placement may  be  anywhere  between  a  fraction  of  an  inch  and  thou- 
sands of  feet. 

It  is  of  the  utmost  importance  to  the  topographer  that  he  should 
understand  these  folds  and  faults,  for  they  frequently  have  a  great 
influence  upon  the  topography.  Regarding  the  size,  character  or  rela- 
tions of  folds  and  faults,  there  is  no  general  law  that  can  be  laid  down 
in  anticipation  of  what  may  be  found  in  any  new  region.  Their  dis- 
tribution is  seldom  to  be  anticiijated,  but  must  be  determined  by  a 
study  of  the  outcrops.  A  knowledge  of  the  methods  of  determining 
and  locating  these  structural  features  is  indispensable. 
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Topographic  Belief. 

If  a  lava  sti*eam  emerges  from  beneath  the  earth's  surface  and 
spreads  out  over  a  wide  area,  it  will,  if  a  very  fluid  lava,  form  a  flat 
surface  by  filling  up  the  existing  irregularities,  much  as  if  the  region 
had  been  submerged  by  water  and  the  water  had  frozen.  If  a 
volcano  should  burst  forth  upon  a  plain  and  should  eject  large  quan- 
tities of  pumice,  scoriae,  ashes,  and  the  like,  these  materials  would 
accumulate  about  the  mouth  of  the  vent  and  build  up  a  volcanic 
cone.  In  both  instances  the  topography  would  be  formed  by  direct 
construction. 

If  a  part  of  the  ocean's  bottom  should  be  uncovered  or  brought  up 
and  left  as  dry  laud,  it  would  be  found  that  this  new  surface  had  cer- 
tain irregularities;  V)ut  rain  and  frost  and  streams  would  soon  begin 
to  attack  it,  to  cut  channels  in  it  and  to  produce  topographic  forms 
altogether  different  from  its  original  siirface.  The  new  shore  line,  at 
first  comparatively  smooth,  would  at  once  be  attacked  by  the  waves, 
and  a  steep-faced  bluff  would  mark  the  new  beach.  All  this  cutting 
and  shaping  of  the  new  topography  would  be  the  work  of  removing  or 
of  destructive  agencies. 

These  two  general  classes  or  agencies — the  constructive  and  de- 
structive— produce  most  of  our  topographic  forms.  They  will  be  con- 
sidered in  this  order. 

Constructive  AaEjfciES  and  the  Forms  They  Produce. 

Subaqueous  Forms. — Constructive  topographic  agencies,  in  the 
broad  sense,  should  include  subaqueous  constructive  forms;  but  while 
the  forms  of  delta  deposits  and  off-shore  acciimulations  generally  are 
constructive  forms,  they  are  of  comparatively  little  importance,  be- 
cause after  emergence  they  are  usually  soon  obliterated.  There  are 
well-known  instances,  however,  of  such  forms,  and  for  that  reason 
they  will  be  briefly  described. 

When  a  stream  carrying  silts  enters  a  quiet  body  of  water,  the 
checking  of  the  current  causes  some  of  the  silts  to  fall  to  the  bottom. 
In  fresh  waters  some  of  the  finest  particles  remain  for  a  long  time 
suspended  in  the  water,  but  the  salts  in  salt  water  cause  these  tine  par- 
ticles to  flocculate  or  cling  together  in  little  bunches  and  thus  hasten 
their  sinking  to  the  bottom.  Wherever  a  muddy  stream  enters  a  lake 
or  sea  the  silts  it  bears  fall  to  the  bottom  about  the  stream's  mouth. 
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and,  in  time,  build  up  deltas  such  as  are  found  about  the  mouths  of 
the  Nile,  the  Khone  and  the  Mississippi. 

These  deltas,  through  the  operation  of  floods,  build  up  so  as  to  rise 
above  the  average  water  surface.  They  are  flat  on  toji,  while  their 
seaward  faces  may  slope  off  more  or  less  rapidly  into  deep  water.  In 
outline  they  tend  to  be  fan  shaped.  Wherever  there  has  been  an 
elevation  of  a  delta  deposit  above  water,  the  form  has  been  found  like 
that  here  described.  The  Great  Salt  Lake  in  Utah  not  long  ago  covered 
an  area  of  19  750  square  miles,  and  the  streams  flowing  into  it  made 
deltas,  which,  by  the  drying  up  of  the  water,  have  been  left  uncovered. 
Wherever  the  waves  of  that  lake  beat  upon  its  shores,  accumulations 
of  considerable  size  and  extent  were  formed.  These  deposits  are  now 
part  of  the  surface  relief  of  the  region. 

Spits  and  Bars.  — Bars  are  formed  about  the  mouths  of  streams  by 
conflicting  currents.  When  a  stream  enters  the  ocean  its  current 
tends  to  sweep  the  sands  it  bears  out  into  deep  water;  but  when  the 
tide  comes  in,  the  current  is  reversed  and  flows  up  the  channel  of  the 
stream,  and  these  sands  are  carried  in  the  opposite  direction.  The 
sands  tend  to  accumulate  on  some  middle  ground  where  the  currents 
balance  each  other,  and  here  they  biuld  up  a  bar  which,  by  the  help 
of  storm  waves  and  high  tides,  may  rise  above  the  water.  Sometimes 
conditions  may  favor  the  accumulation  of  these  silts  on  one  side  of  a 
streams  mouth  rather  than  the  other,  and  they  may  stretch  across  it, 
forming  a  spit. 

Waves  do  not  always  break  squarely  against  the  shore,  but  more 
frequently  the  surf  runs  along  the  beach  according  to  the  angle  of  the 
wind  with  the  shore.  In  some  parts  of  the  world  the  winds  blow  so 
constan.tly  from  one  direction  that  the  sands  are  always  carried  one 
way.  When  thex-e  is  an  obstruction  on  such  a  beach  an  eddy  is  formed 
behind  it,  and  here  the  waves  leave  the  sands  they  sweep  along,  and, 
in  time,  a  long  spit  or  neck  is  built,  commonly  hooked  at  the  outer 
end.* 

Emergent  Forms.- — Emergent  forms  of  tojjography  are  those  built 
up  partly  beneath  the  water,  but  gradually  rising  above  it.  Deltas 
built  into  dry  land,  lakes  filled  up  with  silts,  turned  into  marshes, 
and  later  into  dry  land,  are  examples  of  this  kind.   Sometimes  the  fiords 

*  For  a  comprehensive  discussion  of  the  topographic  features  of  shores  see  "Lake 
Bonneville."    By  G.  K.  Gilbert,  Monograph  L,  U.  S.  Geol.  Survey. 
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or  submerged  valleys  along  sea  coasts  have  spits  and  bars  formed 
across  their  mouths  by  the  waves  and  the  currents  of  the  open  sea, 
while  in  the  quiet  waters  behind  them  the  silts  brought  down  bv  the 
streams  are  deposited  until  these  bays  are  turned  into  marshes  and 
then  into  dry  land.  In  such  cases  there  is  an  older  and  more  precip- 
itous topography  diving  beneath  a  new  and  nearly  fiat  surface.  The 
swamps  near  Oceanside,  California,  were  made  in  this  manner. 

Storm  beaches  and  coral  islands  rising  above  the  surface  of  the  sea 
are  also  constructive  emergent  forms  of  topography.  River  terraces  are 
produced  partly  by  the  constructive  and  jiartly  by  the  destructive 
work  of  streams.  Stream  valleys  are  filled  with  silts  and  debris  at 
times  of  floods,  and  when  the 
streams  shrink  they  cut  their 
channels  down  through  these 
materials,  and  in  shifting  from 
side  to  side  leave  terraces  along 
their  courses. 

Subaei'ial  Forms.  — Subaerial 
forms  ijroduced  by  direct  con- 
struction consist  of  volcanic 
ejectments  and  certain  spring 
and  geyser  deposits.  The  sur- 
face forms  assumed  by  lava  de- 
pend upon  the  fluidity  of  the 
lava  and  upon  the  character  of 
the  topography  over  which  it  is 
spread.     In  the  case  of  very  fluid  Fig.  i. 

lavas  the  angle  of  the  slope  built  iip  is  quite  low,  while  those  less  fluid 
stand  at  higher  angles,  or  even  bunch  up  in  steep-sided  heaps  at  no 
great  distance  from  their  vents. 

The  basaltic  lavas  are  of  comparatively  easy  fusibility,  while  the 
trachytic  lavas  are  of  diflicult  fusibility.  Consequently,  basaltic  lavas 
form  flat  sheets  or  lava  cones  of  low  slopes,  while  the  trachytes,  emerg- 
ing in  an  almost  pasty  condition,  are  disposed  to  form  steep-sided 
cones.  Part  of  these  difi'erences,  however,  is  due  to  the  difference  in 
the  sizes  of  the  outflows. 

The  profile  of  the  great  volcanic  mountain,  Mauna  Loa,  Hawaii,  has 
so  low  an   angle,  from  4°  to  6°,  that  it  hardly  impresses  a  person 
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climbing  it  as  a  volcanic  mountain.  Some  volcanic  cones  are  mad© 
up  largely  of  loose  ashes,  scoriae  or  broken  bits  of  rock  that  have  been 
thrown  into  the  air  by  subterranean  explosions,  and,  falling  near  the 
vents,  have  piled  up  as  cones  of  debris  that  stand  at  the  normal  angle 
of  repose,  which  is  from  33  to  40  degrees.  The  lavas  of  Mauna  Loa 
are  basaltic;  those  of  Mount  Vesuvius  are  also  basalts  very  little  dif- 
ferent from  those  of  Mauna  Loa,  but  Mount  Vesuvius  is  made  up 
largely  of  scoriae  and  ashes,  while  Mauna  Loa  is  chiefly  of  fluid  lava. 

These  general  laws  will  give  some  idea  of  the  methods  by  which 
such  features  are  formed  originally,  and  of  the  topography  to  be  ex- 
pected about  active  volcanoes.  It  must  not  be  forgotten,  however, 
that  there  are  over  the  earth's  surface  a  great  many  extinct  volcanoes, 
and  while  these  may  still  retain  much  of  their  primitive  forms,  they 
are  more  frequently  than  otherwise  so  modified  by  eroding  agencies 
that  their  characteristic  outlines  have  become  partly  or  entirely  oblit- 
erated. 

One  peculiarity  of  the  erosion  of  cinder  cones  is  worthy  of  note  in 
this  place:  the  loose  materials  on  the  slopes  of  such  peaks  allow  the 
water  falling  upon  them  to  sink  beneath  the  surface  at  once.  In  this 
way  these  peaks  avoid  much  surface  erosion,  but  the  water  issues  as 
springs  about  the  bases  of  the  mountains,  and  their  erosion  cuts  back- 
ward into  the  cones. 

Spring  Deposits. — ^These  are  formed  by  the  precipitation  from  solu- 
tion of  the  mineral  matter  brought  to  the  surface  by  subterranean 
waters.  They  are  of  local  importance  only  and  are  omitted  from  this 
discussion. 

Faults  and  Folds.  — In  a  sense  those  forces  which  produce  folds  and 
displacements  of  the  rocks  may  be  looked  upon  as  constructive.  There 
may  be,  for  example,  fault  escarpments,  or  freshly  made  folds,  pro- 
ducing very  marked  topography.  Such  cases,  however,  are  not  so 
common  as  one  might  suppose,  for  the  reason  that  the  original  outlines 
of  features  made  in  this  way  are  soon  modified  by  erosion  to  such  an 
extent  that  they  are  thoroughly  obscured  or  even  entirely  obliterated. 

In  the  case,  too,  of  both  faults  and  folds  the  displacements  often 
take  place  so  slowly  that  erosion  keeps  pace  with  the  movements,  and 
the  structural  features  produced  by  them  never  appear  as  marked  to- 
pographic forms.  In  some  cases,  however,  fai;lts  have  produced  marked 
topography.     In  most  faulting  there  is  a  crack  or  break  in  the  rocks. 
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Fig.  2. 


and  on  one  side  of  this  break  the  edges  of  the  fractured  rocks  are 
lifted  al)ove  their  former  position,  thus  forming  a  step-like  bluflf. 
This  escarpment  may  be  from  a  few  inches  to  several  hundred  feet 
high,  and  may  be  many  miles  in  length.  Such  breaks  are  seldom 
straight,  but  have  rough  and 
more  or  less  irregular  edges,  so 
that  in  detail  a  bluflf  produced 
1  )y  a  fault  is  likely  to  be  irregu- 
larly serrate  or  zig-zag  in  direc- 
tion, although  its  general  course 
may  be  ai)proximately  straight. 
The  surface  forms  that  may 
be  produced  by  faulting  are 
almost  as  many  as  the  forms  of  the  fractures,  depending  upon  the 
character  and  position  of  the  rocks,  the  character  of  the  force  producing 
the  faults,  and  the  inclination  of  the  fault  face  to  the  earth's  surface. 

Figs.  2,  3,  4   and   5  repre- 
sent   ideal    vertical    sections 
Fig.  3.  through  the  earth's  crust.  The 

upper  surface  in  each  case  represents  the  surface  of  the  ground.  lu 
Figs.  2  and  3  the  faults  have  been  produced  by  tension,  while  in  Figs. 
4  and  5,  they  have  been  produced  by  pressure.  These  faults  may  be 
close  together  or  far  apart, 
single  or  double,  or  they  may 
branch  out  in  different  direc- 
tions. While  faults  are  not 
confined  to  any  particular  area  ^'^-  *• 

or  rocks,  they  are  much  more  abundant  in  some  regio  ns  than  in  others, 
while  in  some  they  may  be  entirely  wanting.  In  a  given  region  faults 
often  show  a  decided  tendency  to  occur  in  parallel  sets,  and  these  may 

cross    each     other     at      rather 
constant  angles.     In  the  Coast 
Ranges    of    California,    for  ex- 
FiG.  5.  ample,  the  faults    are    for    the 

most  part  parallel  to  the  coast  line  and  the  main  axes  of  the  moun- 
tains (see  Plate  I). 

The  original  folds  of  surface  rocks  have,  as  a  rule,  been  so  long 
exposed  that  their  primitive  forms  have  been  entirely  destroyed.     The 
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long,  narrow  valleys  of  California,  running  parallel  with  the  coast  and 
with  the  Sierras,  were  produced  originally  by  faults,  but  they  have 
been  greatly  modified  and  widened  by  stream  erosion.  As  in  the  case 
of  faults,  the  folding  of  rocks  has  taken  place  so  slowly  that  erosion 
has  been  able  to  remove  obstructions  as  rapidly  as  they  arose  across 
the  drainage.  Even  in  cases  of  anticlinal  ridges,  there  have  almost 
invariably  been  thick  overlying  beds  removed  from  them.  The  char- 
acters of  folds  will  be  discussed  under  the  head  of  topography  of 
"folded  rocks." 

Desteuctive  Agencies  and  How  They  Operate. 

Eroding  Agencies. — Most  topography  is  cut  in  the  rocks  of  the 
earth's  crust.  All  rocks  exposed  over  the  earth,  whatever  their  origin, 
are  subject  to  the  action  of  those  natural  agencies  that  cut  out  topo- 
graphic forms.  These  agencies  act  with  such  extreme  slowness  that  it 
is  not  an  easy  matter  to  realize  their  importance,  or  even  to  believe 
that  such  vast  results  can  be  produced  by  such  apparently  trifling 
forces.  If,  however,  one  can  realize  something  of  the  immense  periods 
of  time  during  which  these  agencies  have  been  at  work,  there  will  be 
no  difficulty  in  comprehending  the  results. 

The  agencies  that  attack,  remove,  and  modify  the  land  surface  are 
as  follows  : 

Water,  in  the  form  of  moisture  in  the  atmosphere,  rains,  springs, 
streams,  waves  and  glaciers. 

AtmosiDheric  agencies,  by  means  of  winds,  changes  of  temperature 
and  frost. 

Any  agency  that  causes  rocks  to  disintegrate  or  decay,  or  that 
removes  them,  either  before  or  after  they  decompose,  must  neces- 
sarily influence  the  form  of  rock  surfaces;  but  it  is  also  to  be  noted 
that  an  agency  may  be  active  at  one  place  and  not  at  another,  at  one 
time  and  not  at  another,  or  under  some  conditions  and  not  under  others. 

Moisture  in  the  Atmosphere. — This  afi'ects  the  rocks  by  hastening  the 
chemical  decomposition  of  their  constituent  minerals. 

Rams,  Springs  and  Streams. — The  direct  mechanical  eff'ect  of  rain 
falling  upon  rock  is  of  comparatively  little  importance;  its  chief  work 
is  done,  not  in  falling,  but  as  it  flows  away.  A  part  of  this  water 
flows  away  over  the  surface,  and  a  part  sinks  into  the  earth,  passes 
through  the  soil  and  rocks,  and,  sooner  or  later,  emerges  as  springs. 
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Before  it  enters  the  ground  it  usually  absorbs  more  or  less  organic 
acid  of  one  kind  or  another,  and  tins  acid  greatly  facilitates  its 
chemical  activity.  In  its  passage  through  the  rocks  it  dissolves  more 
or  less  mineral  matter  out  of  them,  and  when  it  emerges  as  spring 
■water  it  carries  in  solution  considerable  quantities  of  the  mineral 
constituents  of  the  rocks.  No  water  has  ever  been  found  issuing 
from  the  earth  that  did  not  have  more  or  less  mineral  matter  in  solu- 
tion, while  in  some  of  these  waters  the  quantity  is  enormous.  In 
order  to  appreciate  the  amount  of  rock  borne  away  from  the  land  to 
the  sea  in  this  manner  one  need  only  determine  the  amount  removed 
by  a  single  spring  or  by  a  single  stream. 

In  1887-88  the  author  carried  on  a  series  of  observations  on  the 
water  of  the  Arkansas  River,  at  Little  Rock,  where  it  was  found  that 
the  dissolved  mineral  matter  in  one  U.  S.  gallon  of  the  water  varied 
from  11  to  70  grains.  The  total  quantity  of  mineral  matter  removed 
in  solution  in  one  year  was  6  828  .350  tons. 

The  materials  carried  down  in  solution  in  this  stream  are  neces- 
sarily removed  by  water  from  the  rocks  over  the  hydrographic  basin 
drained.  Similar  work  is  done  by  all  streams,  whether  large  or  small, 
though  the  amount  of  material  in  solution  in  the  water  depends 
more  or  less  upon  the  character  of  the  rocks  of  the  hydrographic 
basin.  This  is  only  the  chemical  work  of  water;  its  mechanical  work 
will  now  be  considered. 

The  simple  fact  that  water  flows  off  the  land  along  the  depressions 
is  sometimes  cited  as  evidence  that  these  depressions  have  been  made 
by  the  water.  It  is  well  said  by  those  who  object  to  this  explanation 
of  valleys  that  the  water  could  not  possibly  flow  elsewhere.  This 
fact  alone  cannot,  therefore,  be  regarded  as  evidence  that  valleys  are 
made  by  streams. 

The  process  of  channel  cutting  will  be  better  understood  if  a  per- 
fectly flat  surface  is  assumed  as  exjjosed  for  the  first  time  to  subaerial 
conditions:  rain,  snow,  frost,  streams,  changes  of  temperature,  etc. 
If  this  flat  surface  has  a  gentle  slope,  the  water  falling  thereon  will 
flow  down  that  slope,  and  the  streams  will  unite  and  become  larger 
as  they  approach  its  base.  In  time  the  running  waters  will  wash  out 
channels  for  themselves,  and  still  later  these  channels  will  be  worn 
deeper  and  wider.  In  such  a  case  the  channels  are  evidently  cut  by 
the  streams. 
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If,  instead  of  a  flat  surface,  there  is,  to  begin  with,  an  irregular 
one  having  the  same  general  slope,  the  water  will  seek  the  depressions 
from  the  outset,  and  the  deepening  of  channels  will  proceed  from 
these  predetermined  drainage  lines.  In  both  cases  the  details  of  the 
final  relief  of  the  region  will  be  the  result  of  the  wearing  and  carrying 
action  of  the  water.  Velocity  is  what  enables  water  to  carry  materials 
heavier  than  itself.  It  follows  therefore  that  any  increase  in  the 
slope  of  a  region  must  increase  the  velocity  of  its  streams,  while  the 
velocity  of  the  streams  increases  their  carrying  power.  This  relation 
of  force  to  velocity  is  expressed  by  the  formula:  F  a  V^,  in  which  F 
is  the  force  of  the  current  and  F  is  its  velocity;  but  the  power  of  the 
water  to  move  stones  varies  as  the  sixth  power  of  its  velocity  (F  a  F'') ; 
that  is,  by  doiibling  the  velocity  of  a  stream,  its  power  to  carry  is 
increased  sixty-four  times.*  Hence,  any  increase  of  the  current  of  a 
stream  enormously  increases  its  power  to  sweep  along  the  materials 
in  its  channel.  It  follows  that  the  amount  of  materials  carried  along 
by  a  stream  must  vary  greatly  if  the  stream  itself  is  subject  ta 
fluctuations  of  volume. 

Some  streams  are  always  muddy,  others  only  occasionally;  but  all 
muddy  streams  are  so  because  they  carry  large  quantities  of  mechan- 
ically suspended  matter.  The  amount  of  material  carried  by  such  a 
stream  as  the  Mississippi  or  the  Amazon  is  almost  beyond  belief.  The 
observations  made  by  the  author  upon  the  Arkansas  River,  at  Little 
Rock,  show  that  that  stream  carries,  in  addition  to  the  dissolved 
matter  already  mentioned,  an  enormous  amount  of  fine  sand  and  clay. 
At  times  this  amounted  to  more  than  700  grains  to  the  gallon.  The 
total  amount  of  mechanically  transported  sediment  carried  past  Little 
Rock  in  the  year  was  21  471  578  tons.  The  total  amount  carried  down 
both  in  solution  and  in  suspension,  in  the  year  was  28  299  929  tons,, 
or  equivalent  to  a  cube  749.2  ft.  on  each  side. 

Similar  determinations  of  the  silts  of  the  Mississippi  River  show 
that  it  carries  out  of  its  hydrographic  basin  every  year  a  mass  of 
mineral  matter  equal  to  a  cube  1  954  -f  ft.  on  a  side,  without  includ- 
ing the  dissolved  matter.  This  material  can  only  come  from  the 
basins  of  the  streams,  and  these  determinations  afibrd  the  means  of 
ascertaining   the  rate   at  which   the  land  surface  is  being  removed. 

*  A  Treatise  on  Hydraulics.     By  F.  Merriman,  New  York,  1891,  pp.  251-252. 
"The  Suspension  of  Solids  in  Flowing  Water."    By  E.  H.  Hoolcer,  Trans.  Am.  Soc. 
C.  E.,  1896,  Vol.  XXXVI,  pp.  239-340. 
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Over  the  entire  Mississippi  basin  erosion  goes  on  at  the  rate  of  a  foot  in 
5  000  years;  over  the  Arkansas  basin  at  the  rate  of  a  foot  in  abont  9  000 
years;  over  the  basin  of  the  Damilie  at  the  rate  of  a  foot  in  6  84(5  years; 
over  the  basin  of  the  Rhone  at  the  rate  of  a  foot  in  1  528  years;  over 
the  basin  of  the  Po  at  the  rate  of  a  foot  in  729  years,  and  over  the 
Ganges  basin  it  is  at  the  rate  of  a  foot  in  823  years.  The  imiiortance  and 
bearing  of  this  matter  ujaon  topographic  relief  will  be  seen  presently. 

Waves. — Waves  do  their  chief  work  on  the  larger  bodies  of  water — 
oceans,  seas  and  large  lakes.  Although  they  are  confined  in  their  opera- 
tions to  narrow  vertical  limits,  yet  their  force  is  irresistible,  their  work 
sharp  and  well  defined,  and  the  length  of  the  lines  along  which  they 
operate  is  coextensive  with  the  shores  of  every  ocean,  sea  and  lake  on 
the  globe.  Their  work  consists  in  undercutting  the  shoi'es,  rolling  the 
talus  back  and  forth,  and  thus  grinding  up  the  coarser  materials. 
These  materials  are  either  thrown  on  shore  as  shingle  and  sand  or 
are  swept  out  into  deeper  water  by  the  undertow. 

The  effect  of  waves  is  imi:)ortant  only  on  or  near  the  beach,  for  they 
do  but  little  work  20  ft.  below  low  tide  or  50  ft.  above  high  tide,  except 
by  undermining.  When  it  is  recalled  that  almost  every  jiart  of  the 
earth's  surface  has  several  times  passed  through  a  beach  condition,  the 
important  part  the  waves  have  played  in  the  earth's  history  may  be 
suggested. 

Glaciers. — In  those  parts  of  the  earth  in  which  precijiitation  takes 
place  in  the  form  of  snow,  the  drainage  is  in  the  form  of  ice  streams 
or  glaciers.  These  glaciers  carry  down  upon  their  surfaces,  or  within 
the  ice,  whatever  rock  fragments  or  soils  may  fall  upon  them,  or  that 
the  ice  can  scrape  from  its  rocky  bed;  and  when  the  slowly  moving 
ice  reaches  the  point  where  it  melts,  this  load  of  debris  is  dropped,  or 
is  swept  along  by  the  stream  that  flows  from  the  melting  glacier.  The 
accumulations  at  the  ends  of  glaciers  are  known  as  moraines.  If,  in 
time,  the  glaciers  become  much  shorter,  these  moraines  are  left  sti'ewn 
over  the  ground  formerly  covered  by  the  ice. 

Atmosphekic  Agencies. 

Winds.  — In  their  direct  action  winds  modify  the  earth's  surface  by- 
moving  sand  dunes,  by  carrying  dust  in  arid  regions,  and  the  ashes  of 
volcanoes,  and  by  forming  natural  sand  blasts  that  cut  and  polish  the. 
rocks. 
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By  tlieir  indirect  action  they  are  of  even  more  importance,  for  they 
affect  vegetation  on  the  land,  distribute  moisture  over  the  earth,  help 
determine  the  force  and  direction  of  ocean  currents,  and,  by  raising 
waves  upon  water  surfaces,  enable  the  waters  to  undercut  their 
banks  and  encroach  upon  the  land  in  some  places  and  to  fill  up  and 
build  beaches,  spits,  and  bars  in  others. 

Changes  of  Temperature. — These  tend  to  break  up  rocks  by  causing 
them  to  expand  and  contract  alternately.  The  minerals  of  which  the 
the  rocks  are  made  do  not  all  expand  and  contract  alike  in  these  changes 
of  temperature,  and  this  tends  to  pull  the  rock  to  pieces  and  allow 
acidulated  waters  to  penetrate  the  crevices  and  finish  the  work  of 
destruction. 

Frost. — The  expansion  of  water  freezing  in  crevices  of  the  rock 
hastens  its  disintegration.  By  the  alternate  freezing  and  thawing  the 
rocks  are  rapidly  broken  to  pieces  and  exj^osed  to  other  decomposing 
agencies. 

The  Fobms  Produced  by  Destructive  Agencies. 

Most  gorges,  canons,  narrow  valleys  and  stream  channels  are  cut 
in  the  rocks  by  streams  and  other  disintegrating  and  eroding  agencies, 
while  topographic  prominences  are  simply  the  parts  left  behind  in 
relief.  Hills  and  ridges  are  therefore  high,  not  because  they  have 
been  thrust  upward,  but  because  the  country  around  them  has  been 
worn  down  more  rapidly  than  they,  and  it  is  fair  to  assume  that  hills 
and  valleys  started  very  nearly  at  the  same  elevation.  Although  topog- 
raphy is  thus  chiefly  the  resultant  of  rock  resistance  and  rock  removal, 
the  resisting  powers  of  rocks  vary  so  much,  and  the  removing  agen- 
cies work  so  diflferently  under  different  conditions,  that  the  problem, 
in  its  details,  is  a  complex  one. 

Other  things  being  equal,  topography  is  dependent  upon; 

The  character  and  alternation  of  the  rocks. 

The  geologic  structure,  or  the  position  of  the  beds,  dikes  and  veins. 

The  slope  of  the  land  surface. 

The  climatic  conditions. 

Interruptions  during  development. 

The  initial,  primitive  conditions  or  starting  point  of  the  drainage. 

The  length  of  time  the  region  is  exposed  to  eroding  agencies. 

The  nature  and  working  methods  of  the  eroding  agency. 
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Fig.  6. 


There  may  be  any  combination  of  these  influences  shaping  the 
topography.  However  comi)lex  the  combinations  may  be,  these 
agencies,  when  acting  alone,  produce  comparatively  simple  results. 

Tlie  Character  and  Alternation  of  the  Rocks. — It  has  been  stated  that 
erosion  goes  on  over  the  hydrographic  basin  of  the  Mississippi  River 
at  the  rate  of  a  foot  in  5  000  years.  It  is  hardly  necessary  to  say  that 
this  erosion  is  not  even,  that  this  foot  is  not  removed  over  the  "whole 
basin  alike,  but  that  it  is  simply  an  average  for  the  entire  area.  At 
some  points  erosion  is  almost  nil,  while  at  others  it  is  more  than  1  ft. 
in  that  length  of  time.  If  in 
starting  there  were  a  perfectly 
flat,  smooth  surface  having  a 
gentle  slope,  the  first  rains 
might  flow  off"  as  if  from  a  sheet 
of  glass;  biit  this  water  would  soon  begin  to  wear  here  and  there,  and 
this  wearing  woiild  always  be  more  marked  in  the  regions  of  soft  rocks, 
and  in  a  short  time  there  would  be  developed,  over  this  once  smooth 
surface,  a  system  of  drainage  that  Avould  come  more  and  more  under 
the  influence  of  the  rocks;  that  is,  the  channels  would  be  cut  deeper 
and  deeper  in  the  soft  beds,  while  the  harder  ones  would  be  left  as 
prominences.  This  is  shown  in  Figs.  6  and  7,  which  are  sections 
across  alternate  upright  beds  of  hard  and  soft  rocks. 

Under  such  circumstances  in  topographic  development  the  alterna- 
tion of  hard  and  soft  beds  must 
detei'mine  the  location  of  val- 
leys and  ridges,  and  any  re- 
arrangement of  these  beds 
would  joroduce  a  corresponding 
rearrangement  of  the  valleys 
and  ridges.  In  the  case  of  igneous  rocks,  often  the  molten  material 
issues  through  crevices  in  the  older  crust,  and,  as  these  crevices  vary 
greatly  in  form,  the  dikes  that  fill  them  vary  as  much.  These  dike 
rocks  may  be  either  softer  or  harder  than  the  beds  they  penetrate. 
When  they  decompose  more  rapidly  than  the  surrounding  rocks,  they 
form  depressions;  when  they  are  mox'e  resisting,  they  stand  out  as 
ridges  or  walls  upon  the  surface. 

When  they  are  of  equal  resisting  power  with  the  adjacent  rocks, 
both  wear  away  together  without  diff'erentiating  the  topograj^hy;  but 
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whether  these  dikes  make  deioressions  or  ridges,  no  definite  law  can 
be  laid  down  for  their  direction.  They  sometimes  follow  i)arallel  lines; 
sometimes  they  radiate  from  centers,  and  sometimes  they  seem  to  bear 
no  ai^i^areut  fixed  relations  to  each  other. 

When  the  rocks  are  massive  and  homogeneous  throughout,  as  in 
the  case  of  granites  and  some  gneisses,  there  are  no  marked  lines  of 
weakness  to  encourage  selective  action  of  erosion.  These  rocks, 
whether  in  large  or  small  masses,  frequently  exfoliate  or  peel  oflf,  like 
the  coats  of  an  onion,  and  produce  rounded  or  ball-like  boulders  of 
decomposition,  or,  on  a  large  scale,  they  form  dome-like  hills  and 
mountains. 

These  forms  are  characteristic  of  massive  rocks  only.  They  ai'e 
well  illustrated  by  Stone  Mountain,  in  Georgia,*  and  by  the  exfoliated 
boulders  and  iieaks  of  Brazil,  f 

The  destructive  work  done  by  water  in  dissolving  the  mineral  con- 
stituents of  rocks  has  been  spoken  of.  It  follows  that  the  more  sol- 
uble rocks  are  affected  by  chemical  activity  more  rapidly  than  those 
less  soluble.  Limestone  is  one  of  the  most  soluble  rocks,  and  for  this 
reason  it  is  everywhere  attacked  by  water  and  removed  in  solution. 
Water  does  not  confine  its  action  to  surface  exposures,  but  penetrates 
the  crevices  in  the  rocks  and  attacks  them  often  far  beneath  the  sur- 
face. The  removal  of  large  quantities  of  rock  from  deep  down  below 
the  surface  gives  rise  to  caves,  sometimes  of  vast  extent.  Often  the 
caves  are  not  far  below  the  surface,  their  roofs  give  way,  the  soil  slides 
down  and,  concealing  the  old  cavities,  forms  what  are  known  as  sink- 
holes. These  sink-holes  are  filled  with  water,  and  ponds  mark  their 
positions.  Caves  and  sink-holes  are  confined  for  the  most  part  to  the 
regions  of  limestone  rocks,  and  the  drainage  of  such  a  region  is 
frequently  almost  all  underground. 

The  Geologic  Structure,  or  the  Position  of  thb  Be/Is,  Dike>i  and  Veins. — 
Kocks  do  not  always  stand  on  end,  as  in  the  case  supposed  above,  but 
lie  in  every  conceivable  position,  from  horizontal  to  vei-tical,  or  are 
even  overthrown.  They  are  bent  into  broad,  gentle  folds,  or  squeezed 
into  close  wrinkles,  or  are  broken  by  faults  and  tipped  aboixt  in  all 
kinds  of  positions.     It  is  not  necessary  to  consider  what  caused  these 

*  A  Treatise  on  Rocks,  Rock- Weathering  and  Soils.  By  (Jeo.  P.  Merrill,  N.  Y.,  1897. 
Frontispiece.    North  Carolina  and  its  Resources,  p.  115. 

t  Decomposition  of  Rocks  in  Brazil.    Bui.  Geol.  Soc.  Am.,  VIII,  pp.  272-277. 
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folds;  it  is  enough  to  know  that  they  exist,  and  that  the  axes  of  the 
folds  are  not  necessarily  iJarallel. 

As  a  rule,  streams  and  eroding  agencies  avoid  hard  rocks  and  seek 
out  the  soft  ones.  It  follows,  therefore,  that  this  selective  power  of 
water  in  attacking  the  rocks  must  jn-oduce  different  topographic  effects 
— u.      w»#^^^  according  to   the   positions    in 

I      \\   ^t%%^      which  the  rocks  stand.    Indeed, 
erosion   is   entirely   guided  by 


Fig.  8. 


Fig.  9. 


the  rocks  in  many  cases,  while 
in  all  cases  they  direct  it  to  a 
greater  or  less  extent. 
Beginning  with  the  fiat,  smooth  surface  shown  in  Fig.  8,  as  in  the 
previous  instance,  beds  of  the  same  kinds  and  in  the  same  relations  to 
each  other  will  yield  a  topography  suggested  by  Fig.  9,  the  streams 
following  the  soft  (shaded)  beds  down  the  dip.  Fig.  10  rejjresents 
alternate  hard  and  soft  (shaded)  beds  dipping  in  various  directions. 

In  a  region  of  gently  dipping  rocks,  the  streams,  following  the 
strike  of  the  beds,  move  down 
the  slopes  at  right  angles  to 
their  courses.  Folded  beds 
yield  a  great  variety  of  forms 
according  to  the  character  of 
the  rocks,  the  nature  of  the 
folds  and  the  age  of  the  topography.  But  they  all  follow  the  same 
general  law;  erosion  removes  the  soft  beds,  the  harder  ones  are  under- 
mined in  some  cases,  in  others  they  stand  out  as  rock  walls. 

The  accompanying  sketch  map  (Fig.  11)  of  the  country  near  Con- 
■way,  Ark.,  illustrates  well  the  influence   of  hard   and   soft  beds  in 

a  region  of  folded  rocks.     Here 


the  almost  unbroken  ridges  of 

sandstone  can  be    traced    for 

many   miles,    swinging  around 

1  iG.  10.  the  anticlinal   noses   and  back 

again  around  the  synclinal  spoons  like  the  hard  and  soft  grain  of  a 

pine  board.     Bound  Mountain  in  this  area  is  made  up  of  such  layers 

■worn  away  till  their  remnant  looks  like  a  nest  of  gigantic  dishes. 

"When  the  alternate  hard  and  soft  beds  are  horizontal,  as  in  Fig.  12, 
the  topography  is  different  from  any  of  these  forms.     In  this  case  the 
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soft  layers  may  be  removed  by  the  action  of  frost,  or  weathering  in 
various  ways,  or  by  water  flowing  down  the  face  of  the  bluff.  In  either 
case  the  removal  of  the  soft  layers  undermines  the  hard  beds  and 
these  eventually  break  down  in  blocks.  As  this  process  goes  on,  the 
profile  of  the  hill  does  not  necessarily  change  much  beyond  a  certain 
point  until  late  in  the  life  of  the  hill,  when  the  hard  layers  will  be 
removed  one  by  one.  Where  the  beds  are  thus  horizontal  they  tend 
to  make  a  terrace  or  step-like  tojaography.  If,  in  a  region  of  hori- 
zontal rocks,  the  valleys  are  short  and  narrow,  the  slopes  will  be  more 
or  less  even,  but  where  the  streams,  either  through  the  age  of  the 
drainage  or  the  width  of  the  valleys,  have  meandering  courses,  there 


Fig.  11. 

win  be  a  marked  variation  in  the  slopes  of  the  opposite  sides  of  the 
streams.  Such  topograj^hy  is  represented  in  Fig.  13,  which  is  that  of 
a  meandering  stream,  and  is  common  in  certain  portions  of  the  Ozark 
mountains  of  Arkansas  and  Missouri. 

If,  instead  of  alternating  hard  and  soft  beds,  we  have  horizontal 
rocks  nearly  uniform  in  character,  they  frequently  form  tall,  slender 
columns;  "pulpit  rocks,"  or  "chimney  rocks,"  as  they  are  often 
called.  The  flatness  of  a  plain  is  sometimes  due  to  the  exposui-e  over 
its  floor  of  a  resisting  horizontal  bed. 

The  foregoing  discussion  of  the  development  of  topography  in 
regions  of  sedimentary  rocks  has  proceeded  on  the  theory  that  the  beds 
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are  uniform  in  thickness  and  constant  in  character.  As  a  matter  of 
fact,  there  is  no  such  uniformity  in  the  rocks  in  Nature,  and  the  rea- 
son is  apparent  when  the  conditions  under  which  the  beds  have  been 
formed  are  considered.  This  variation  in  thickness  and  character,  this 
changing  of  a  sandstone  into  a  shale  a  mik?  away, 
and  to  a  limestone  further  on,  yiekls  a  correspond- 
ing difference  in  the  topograjihy  developed  from 
these  rocks.  Bidges  prominent  at  one  place  die 
down  and  are  replaced  by  valleys  and  are  over- 
lapped by  others  which  here  are  insignificant  and  J" 
fiirther  on  are  bold  and  mountainous.  Pj^  jg 

It  should  T)e  noted  in  regard  to  the  structural  forms  spoken  of  here 
or  elsewhere  in  this  paper,  that  they  are  not  always,  or  even  commonly, 
seen  exposed  in  Nature.  They  are,  for  the  most  part,  concealed  by 
soils,  undergrowth  or  forests,  and  these  structural  featiires  can  only 

be  made  out  by  the  study  of  wide  areas. 

Owing  to  the  peculiar  method  of  attack 
on  sea  shores  — along  a  horizontal  line  — 
structural  features  yield  characteristic 
forms  where  cut  by  waves.  Where  hard 
and  soft  rocks  stand  on  end  and  their 
Fig.  13.  strike   is  at  right  angles  to  the  general 

coast  line,  the  details  of  the  shore  will  be  very  irregular  owing  to  the 
yielding  of  the  soft  beds  and  the  resistance  of  the  hard  ones,  as  repre- 
sented in  Fig.  14. 

If  the  beds  are  tipped  up  and  dip  toward  the  water,  the  sloping  beds 
will  act  as  an  effective  breakwater,  against 
which  the  waves  can  have  but  little  power. 
If  the  beds  are  horizontal  or  dip  away 
from  the  water,  the  waves  will  undermine 
them  by  attacking  the  soft  beds  at  their 
lower  exposures. 

Under  other  heads  are  discussed  vari- 
ous influences  that  affect  the  details  of 
topographic  relief.  Each  of  these  influences  is  important  in  its 
own  place,  but  there  is  no  one  of  them  that  so  uniformly  and  so 
persistently  moulds  topographic  details  as  does  geologic  structure. 
For  this  reason  especial  attention  should  be  given  to  the  structure 
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when   it   becomes   necessary   to  understand  or  represent  the  topog- 
raphy. 

The  author  has  been  asked  to  explain  the  rules  for  topography  sug- 
gested by  M.  L.  Lynch,  M.  Am.  Soc.  C.  E.*  The  first  rule  is:  that  with 
'  •  a  stream  flowing  east  or  west  *  *  *  the  south  slope  of  the  valley 
is  generally  steeper." 

This  rule  holds  good  in  a  region  in  which  the  rocks  have  a  gentle 
south  dip,  but  not  elsewhere.  If  the  rocks  dip  north  at  the  same 
angle,  the  steeja  slope  will  be  on  the  north  sides  of  the  streams. 

The  other  rixle  is  that  "  in  a  stream  flowing  north  and  south,  the 
east  slope  of  the  valley  is  invariably  steeper."     *     *     * 

This  rule  holds  in  a  region  where  the  rocks  have  a  gentle  east  dip, 
and  not  elsewhere.  If  the  rocks  dip  west  and  the  streams  flow  north 
or  south,  the  steep  slopes  will  be  on  the  west  sides  of  the  sti'eams;  in 
other  words,  both  rules  would  be  reversed  if  the  dip  of  the  rocks  were 
I'eversed. 

Such  rules  may  be  most  useful  in  the  regions  in  which  they  origi- 
nate, but  they  are  of  no  value,  and  may,  indeed,  be  very  misleading  in 
a  region  of  different  geologic  structure. 

The  Slope  of  the  Land  Surface. — From  what  has  been  said  of  the  trans- 
porting power  of  running  water  (p.  66),  it  follows  that  streams  with 
steep  gradients  carry  away  whatever  materials  lie  in  or  fall  into  their 
channels  much  more  rapidly  than  those  with  lower  gradients,  in  accord- 
ance with  the  formula  F  a  F".  Besides  carrying  away  sand,  gravels 
and  boulders,  such  streams  corrade,  or,  by  means  of  the  impact  of  the 
moving  materials,  wear  and  cut  their  beds;  and  as  increase  of  velocity 
is  a  factor  of  so  much  importance  in  this  connection,  it  follows  that  the 
slope  which  j^roduces  the  velocity  is  the  prime  factor. 

If  a  slojje  were  perfectly  even,  if  the  rocks  were  of  the  same  char- 
acter from  top  to  bottom,  and  if  the  stream  were  of  the  same  size 
throughout,  the  cutting  along  its  channel  would  be  uniform  from  one 
end  to  the  other.  But  the  gradient  of  every  stream  varies  more  or  less 
from  one  part  to  another.  The  rocks  also  vary,  and  there  is,  therefore, 
a  tendency  for  it  to  have  alternate  cataracts  and  slack  currents.  The 
long  slopes  of  mountain  chains  are  frequently  not  eroded  most 
rapidly  at  their  steepest  parts,  but  this  is  due  to  the  fact  that  these 
steep  grades  are  near  the  crest  where  the  streams  are  small.  In 
*  Trans.  Am.  Soc.  Civ.  Engrs.,  18M,  xxxi,  p.  82. 
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Fig.  15,  if  the  full  Hue  represents  tlie  slope  of  an  original  surface,  the 
amount  of  erosion  down  the  sloi^e  would  be  indicated  by  the  distance 
between  the  full  and  dotted  lines. 

Whatever  deviations  from  this  rule  are  found  are  due  to  other  con- 
ditions, such  as  variation  in  the  rocks,  structure,  changes  or  time.  In 
general  the  elevation  of  a  country,  by  increasing  the  slope,  affects  the 
topography  by  increasing  the  velocity  of  its  streams,  and  hence  their 
rate  of  erosion,  thus  allowing  the  formation  of  deep  gorges. 

Climatic  Conditions. — Inasmuch  as  topographic  features  are  carved 
chiefly  by  running  water,  it  follows  that  there  is  but  little  carving  done 
in  regions  without  water.  Perfectly  arid  countries  therefore  are  sub- 
ject to  but  little  change  from  this  cause. 

The  wind-blown  sands,  and  the  breaking  up  of  surface  rocks  by 
changes  of  temiJerature,  are  the  most  j^otent  agents  of  change  in  such 
regions.  In  cases,  however,  in  which  streams  flow  through  these 
regions,  they  i>roduce  very  marked  topographic  eft'ects,  owing  to  the 
fact  that  they  erode  their  beds  and  clear  their  channels,  while  the  walls 
forming  their  banks  are  biit  little  affected  by  the  climate. 

There  is  no  more  remarkable  illustra- 
tion of  this  peculiarity  of  the  work  of 
streams  in  an  arid  region  than  that  of  the 
Grand  Canon  of  the  Colorado,  where  the  ^^'  ^' 

Colorado  Eiver,  rising  in  a  region  of  heavy  precipitation,  in  the 
Eocky  Mountains  and  Wasatch  Mountains,  flows  southwestward 
across  the  arid  regions  of  Southern  Utah,  Northern  Arizona  and 
Southern  California. 

Interruptions  During  Development. — The  crust  of  the  earth  is  nowhere 
perfectly  stationary,  but  is  constantly,  though  for  the  most  part  imper- 
ceptibly, rising  or  sinking.  Noav,  if  elevation  takes  place  across  the 
channel  of  a  stream,  the  stream  will  cut  through  the  obstruction  if  it 
does  not  rise  too  rapidly.  In  most  cases  such  changes  during  the  life 
history  of  a  stream,  do  not  involve  great  elevations,  but  in  some  instances 
there  is  the  spectacle  of  a  river  cutting  a  deejj  gorge  through  a  mountain. 
If  an  elevation  across  a  valley  takes  place  more  rapidly  than  the 
stream  can  cut,  a  lake  will  be  formed.  Such  instances  are  known,  but 
they  are  not  common.  In  a  mountainous  region  the  streams  are  rapid; 
therefore  they  cut  faster  than  they  otherwise  could,  and  obstructions, 
in  order  to  make  lakes,   must  rise  too  quickly  to  be  cut  down  at  an 
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equal  rate.  A  lake  made  in  this  way  is  soon  filled  vLjp  with  silt.  Im- 
mediately thereafter  the  outlet  cuts  the  dam  down  slowly,  and  the 
stream  sinks  through  the  silts  of  the  former  lake,  leaving  terraces  on 
the  sides  of  the  valley. 

Calaveras  Valley  in  Santa  Clara  County,  California,  was  formed  in 
the  manner  here  indicated.  The  accompanying  sketch  map.  Fig.  16^ 
shows  the  flat  floor  of  this  valley  with  steep  mountains  on  all  sides. 
The  obstruction  was  at  the  lower  or  northern  end  of  the  valley,  and  is 
now  being  removed  by  the  stream.  In  such  instances  the  downthrow 
must  always  be  on  the  up-stream  side  of  the  fault. 


SKETCH  MAP  OF  CALAVERAS  VALLEY,  CALIF. 


ONE  MILE 

Fig    16. 


The  Initial,  Primitive  Conditions  or  Starling  Point  of  the  Drainage. — 
It  often  happens  that  folded  and  faulted  rocks  of  various  characters 
have  been  sheared  or  smoothed  off  by  erosion,  and  that  the  area  has 
then  been  submerged,  and  sedimentary  beds  have  been  laid  down  un- 
conformably  on  the  older  rocks;  or  lava  sheets  have  been  spread  over 
these  eroded  beds  without  their  being  sixbmerged.  Whatever  the 
drainage  and  topography  may  have  been  before  the  lava  was  spread 
over  the  area,  or  before  the  superposition  of  the  new  sediments,  the 
new  drainage  will  be  more  or  less  different  from  the  old  on  account  of 
the  form  of  the  new  surface.     The  streams,  starting  under  the  guidance 
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of  the  new  toi^ography,  begin  to  cut  tlieir  channels  through  the  new 
rock,  and  sooner  or  later  reach  the  old  buried  rocks.  By  the  time  the 
buried  topography  is  reached,  the  stream  is  so  closely  confined  to  its 
channel  that  it  is  obliged  to  cut  through  the  underlying  rocks  and  to 
cling  to  its  new  channel  regardless  of  the  old  topography.  Such  a 
system  of  streams  is  called  a  superimposed  drainage,  on  account  of  its 
being  let  down  from  overlying  beds  regardless  of  the  rocks  in  which  it 
now  runs.  It  should  be  noted,  however,  that  when  a  buried  topog- 
raphy is  uncovered  in  this  way,  although  the  older  rocks  are  unable 
to  bring  the  drainage  under  immediate  control,  there  is  a  constant 
tendency  in  that  direction.  Streams  can  in  this  way  cut  hills  and 
ridges  in  two,  but  the  rocks  that  form  such  ridges  are  simjily  notched 
like  a  board;  lateral  streams  soon  bring  them  into  relief  again,  and  the 
continuity  of  the  beds  can  be  traced  across  the  principal  streams. 
Erosion  seeks  out  the  soft  beds  again  and  avoids  the  hard  ones — it 
goes  in  the  direction  of  least  resistance.  The  result  is  that  the 
smaller  streams  are  soon  brought  again  under  the  control  of  the 
structure.  Aside  from  the  principal  drainage  lines,  the  chief  topo- 
graphic features,  even  in  the  case  of  a  superimposed  drainage,  are  con- 
trolled by  the  geologic  structure. 

The  Length  of  Time  the  Region  is  Exposed  to  Eroding  Agencies. — It  has 
already  been  shown  that  when  destructive  agencies  get  access  to  a 
piece  of  the  earth's  land  surface  they  begin  immediately  to  attack  it, 
to  cut  it  down  and  wash  it  into  the  ocean.  The  general  tendency  of 
this  operation  is  gradually  to  reduce  the  land  surface  to  a  low  level. 
Before  this  level  is  reached,  however,  the  tojjography  passes  through 
a  series  of  changes,  and  these  changes  vary  according  to  the  char- 
acters of  the  rocks,  geologic  structure,  climatic  conditions,  accidents 
during  the  period,  slojie  of  the  country,  etc. ;  or,  to  put  it  differently, 
starting  with  a  given  piece  of  structure,  the  topography  -nill  not 
always  remain  the  same,  even  in  form,  but  will  vary  more  or  less  with 
its  age  or  with  the  length  of  time  it  is  exposed  to  eroding  influences. 
It  is  generally  agreed  that  sharp  rugged  outlines,  high  and  steep  re- 
lief, waterfalls  and  rapid  streams  are  characteristic  of  new  toijograjshy, 
and  that  low  relief,  rounded  outlines,  and  sluggish  streams  indicate 
an  old  topography.  Within  certain  limits  these  are  characteristic  fea- 
tures of  old  and  new  topography,  but  there  are  many  important  excep- 
tions. 
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77^6  Natu7'e  and  Working  Methods  of  the  Eroding  Agency. — With  im- 
portant exceptions  erosion  is  done  only  by  water  and  by  ice  in  motion^ 
The  cutting  of  gullies,  canons  and  valleys,  by  streams,  has  already 
been  explained.  The  removal  of  the  walls  above  the  stream-bed  is 
greatly  hastened  by  the  changes  of  temperature  and  especially  by  the 
action  of  frost  which  loosens  and  disintegrates  the  rocks  and 
causes  them  to  slide  down  the  sloi^es.  When  jDrecipitation  is  only  in 
the  form  of  snow,  the  drainage  of  the  region  is  effected  by  glaciers. 
These  streams  of  ice  follow  the  low  ground  like  streams  of  water,  and 
carry  upon  their  surfaces,  or  within  their  bodies,  or  push  over  their 
rock  floors,  the  soil  and  rock  fragments  that  come  within  their  reach. 
The  stones,  held  fast  by  and  pushed  along  in  the  ice,  grind  and  wear 
away  the  hard  rocks  in  place,  rounding  off  the  projections  on  the  up- 
stream side.  In  cases  of  continental  glaciers,  such  as  those  which  now 
cover  the  antarctic  regions  and  most  of  Greenland,  it  is  reasonable  to 
suppose  that  the  up-stream  sides  of  the  hills  that  lie  buried  beneath 
these  ice  sheets  are  worn  more  than  the  down-stream  sides.  Geologists 
have  found  that  a  large  part  of  the  North  American  continent,  nearly  all 
the  islands  of  Great  Britain,  all  of  Scandinavia,  and  large  portions  of 
Northern  Europe,  were  once  buried  beneath  a  similar  sheet  of  ice. 
This  ice  moved,  not  from  the  north  toward  the  south  as  was  formerly 
supposed,  but  from  certain  centers  outward.  It  everywhere  affected 
the  topography,  in  many  cases  leaving  the  hills  more  or  less  rounded 
on  the  uphill  side,  and  everywhere  strewing  the  debris  over  the 
country,  and  frequently  lulling  it  uj)  in  heaps  and  lines  or  moraines. 
The  topography  produced  by  ice  is  characteristic,  and  there  is  usually 
a  strong  contrast  between  glaciated  and  non-glaciated  areas,  even 
when  the  rocks  in  each  are  the  same. 

After  this  brief  statement  of  the  processes  by  which  topograj^hic 
forms  originate  and  change,  it  is  hoped  that  the  original  proposition 
may  be  accepted,  at  least  to  this  extent:  that  there  is  not,  and  cannot 
be,  a  fixed  rule  for  all  topographic  forms,  and  that  in  order  to  under- 
stand topography  one  must  understand  geology. 

"  That  none  but  a  geologist  can  make  a  map  is  evidently  true  from 
the  fact  that  we  only  see  what  we  look  for,  and  the  geologist  alone 
looks  for  surface  indications  of  internal  structure;  he  knows,  there- 
fore, the  imjjortance  and  significance  of  what  to  any  other  man  is 
nothing,  or  at  best  a  curiosity."  * 

*  Manual  of  Coal  and  its  Topography.    By  J.  P.  Lesley.    Philadelphia,  1856,  p.  192. 
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DISCUSSION. 


J.  F.  Kemp,  Esq. — When  pure  science  is  taught  to  engineers,  the  Mr.  Kemp, 
pressure  is  ahvajs  strong  to  put  it  in  a  way  that  will  have  a  direct 
bearing  upon  their  future  professional  work,  and  the  speaker  does 
not  know  that  in  any  other  way  geology  touches  engineers  so  closely 
as  in  this  matter  of  topography. 

The  United  States  are  jierhaps  a  little  backward  in  the  preparation 
of  topograi>hical  maps.  There  have  been  many  maps  of  their  territory 
of  greater  or  less  excellence,  in  which  everything  has  been  j^lotted  on 
a  flat  surface;  but  it  is  only  within  recent  years  that  the  incomplete- 
ness of  a  map  which  shows  the  Rocky  Moimtains  and  the  Great  Plains 
in  the  same  manner  has  been  appreciated,  and  only  lately  has  there 
been  a  marked  tendency  toward  the  preparation  of  those  with  contours, 
as  being  the  only  satisfactory  way  of  delineating  a  country. 

Where  the  relief  is  pronounced,  as  it  is  in  many  regions,  geometry 
of  three  dimensions  instead  of  two  must  be  used.  Biit  to  understand 
topography,  and  particularly  to  transfer  it  correctly  to  jaaper,  the 
engineer  must  comprehend  the  geological  structiire  and  history  of  the 
area  in  question. 

The  United  States  Geological  Survey  has  made  great  endeavors  to 
place  good  toj^ographical  maps  in  the  hands  of  the  peojile  in  all  parts 
of  the  country  at  a  small  cost.  The  scale  of  these  majjs  is  about  1  in. 
to  the  mile,  with  20-ft.  contours,  which  are  not,  of  course,  located 
with  mathematical  accuracy,  but  which  are  very  satisfactory  consider- 
ing the  amounts  expended.  If  a  line  is  required  to  be  run  for  a  canal 
or  an  aqueduct, the  surveys  have  to  be  elaborated,  and  in  much  greater 
detail  than  is  shown  by  the  maps.  Nevertheless,  in  developing  the 
accuracy  that  is  within  the  means  of  attainment,  the  Geological  Sur- 
vey has  called  ui^on  topogi-aphers  to  cultivate  an  artistic  sense,  and  to 
be  able,  by  careful  practice  and  study,  to  sketch  the  physical  features 
of  the  country  with  a  close  approximation  to  the  truth,  and  the  speaker 
was  sure  that  all  who  have  tested  these  maps  in  i^ractical  work  are 
convinced  that  they  are  a  marked  success.  The  same  artistic  sense  is 
demanded  of  the  toijograjaher  as  is  expected  from  the  painter  in  jDor- 
traying  a  face.  Such  a  man  studies  his  siibject  with  care,  and  it  is  in 
the  catching  of  the  individuality  that  the  success  of  a  portrait  lies. 

The  topograiDhy  in  the  vicinity  of  New  York  City,  being  closely 
involved  with  the  geology,  serves  well  as  an  illustration  of  this  paper. 
It  consists  of  a  number  of  ridges,  running  in  a  direction  generally 
northeast  and  southwest,  and  divided  by  valleys  which  are  quite  jiro- 
nounced. 

The  valleys,  of  which  the  channel  of  the  Harlem  Eiver  is  a  type, 
are  all  located  on  a  soluble  and  easily  eroded  limestone.  The  crossing 
of  this  depression  by  the  invert  of  the  new  Aqueduct  showed  a  lime- 
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Mr.  Kemp,  stone  belt  immediately  beneath  the  river  itself,  and  subsequently  the 
same  formation  was  found  in  the  East  River  when  the  gas  tunnel  was 
put  through  to  Ravenswood.  In  the  east  channel  on  the  east  side  of 
Blackwell's  Island,  a  beautiful  belt  of  limestone,  200  ft.  or  more  in 
length,  was  found  right  under  mid-stream.  In  the  west  channel  there 
was  much  trouble  owing  to  the  products  of  decomjiosition  which  are 
the  invariable  associates  of  the  limestone  in  this  region.  There  is 
every  reason  to  think  that  the  North  River  also  flows  on  an  old  lime- 
stone belt,  and  Dr.  Merrill,  of  the  State  Museum  at  Albany,  believes 
he  has  found  evidence  to  demonstrate  that  this  holds  true  as  far  north 
as  the  Highlands.  Many  of  the  tributary  streams  come  in  over  lime- 
stone valleys.  The  great  dam  in  the  Croton  River  valley  has  had  to 
deal  with  this  rock  in  its  bed.  There  is  a  limestone  belt  north  of  the 
city  on  the  east  side  of  the  Harlem  River,  where  it  branches  at  Jerome 
Avenue,  and  the  Harlem  Railroad  is  in  another  belt.  In  fact  illustra- 
tions might  be  multiplied  in  almost  every  valley  in  Westchester 
County.  There  are  also  other  points  about  the  topogi-aj^hy  here  that 
are  equally  significant. 

In  his  paper  the  author  does  not  follow  out  the  development  of 
drainage  systems  perhaps  to  its  full  conclusion.  It  is  known  that 
as  rivers  are  seeking  their  lines  of  passage  towards  the  sea,  they 
pick  out  the  weak  spots.  In  the  course  of  time  they  will  establish 
a  gradient  that  is  just  sufficient  to  carry  oflf  the  water,  but  not 
enough  to  transport  sediment,  and  if  during  floods  they  are  laden 
beyond  their  caj^acity,  on  the  subsidence  of  the  water  the  sediment 
may  drop,  even  in  the  channel  itself,  and  restore  the  old  gradient. 
Rivers  tend  to  reach  a  base  level,  as  it  is  called,  and  after  that  is  at- 
tained they  meander  across  the  country  until  it  is  all  reduced  to  a 
practically  level  surface  with  a  slight  slope  from  the  heights  down  to 
the  sea.  If  the  surface  is  elevated  in  the  course  of  geological  time  the 
rivers  will  once  more  begin  to  excavate  their  valleys,  and  will  appear 
first  in  deep  caiions,  then  in  widening  valleys  until  the  elevations  are 
simply  stumps  of  the  old  plains  that  once  existed.  If  anyone  in  this 
vicinity  from  a  high  building,  or  from  one  of  the  heights  further  up  the 
river,  views  the  sky  line,  he  will  be  impressed  with  the  fact  that  it  is 
singularly  even.  There  is  no  elevation,  even  in  the  Highlands  of  the 
Hudson,  that  projects  above  the  general  line.  If  the  depressions  are 
eliminated  from  the  view,  the  horizon  apjiears  the  same  as  if  one  were 
on  the  prairies.  It  is  clear,  even  to  superficial  observation,  that  this 
surface  must  have  once  been  level  and  continuoiis  in  past  times,  and 
that  it  has  been  eroded  and  trenched  in  the  valleys.  The  mountains 
really  are  only  the  stumps  of  this  old  level  surface,  desjjite  the  fact 
that  when  sailing  up  the  Hudson  one  may  look  up  at  Storm  King  and 
Dunderberg  and  the  other  hills  and  think  oneself  in  the  presence  of 
no  inconsiderable  peaks. 
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Another  ])omt  tliat  is  of  geological  nature,  but  that  enters  promi-  Mr.  Kemj. 
nently  into  the  topography  in  this  region,  is  the  gravel  and  the  soft 
deposits  left  on  the  surface  of  the  hard  rock  by  the  retreat  of  the 
glacier  in  the  immediately  preceding  geological  period.  The  line  of 
hills  that  make  the  backbone  of  Long  Island,  on  the  north  shore,  and 
that  is  succeeded  by  the  flat  drainage  plain  further  south,  is  a  good 
illustration,  and  the  hummocks  and  little  hills  and  ponds  in  a  small 
way  on  Staten  Island  will  appeal  to  any  observer  at  all  familiar  with 
glacial  matters  as  extremely  significant  evidence  of  the  presence  of  ice 
here  in  the  past.  If  one  were  to  make  a  tojjographical  map,  which 
would  be  at  all  expressive  of  the  country  in  this  region,  it  would  be 
necessary  to  bear  in  mind  these  various  featiires;  or — to  put  it  the  other 
way — if  a  topographer  had  in  his  mind  the  course  of  geological  devel- 
opment through  which  this  area  had  passed,  he  would  be  able,  with 
greater  fidelity  and  truer  appreciation  of  the  problem  before  him,  to 
place  its  relief  in  three  dimensions  on  pai^er.  It  must  also  be  remem- 
bered that  in  the  past  the  country  has  been  submerged,  and  one  or  two 
striking  illustrations  of  this  fact  may  be  cited.  Up  the  Hiidson  Eiver 
may  be  noticed  the  marked  promontories  of  gravel,  resting  on  the  clay 
beds  that  are  so  much  used,  for  brick.  If  one  considers  that  those 
gravels  are  delta  deposits,  and  that  they  are  ojjposite  each  stream  that 
comes  in  from  the  side  hills,  one  is  immediately  convinced  of  the  fact 
that  the  land  has  been  under  water.  In  reality  there  are  exposed  to 
view  models  which  illustrate  some  of  the  jaroblems  that  the  engineer 
engaged  on  river  and  harbor  work  has  to  wrestle  with  in  order  to  i^re- 
serve  channels  clear,  and  keep  the  sediment  of  a  stream  from  entering 
still  bays  and  choking  water-ways  needed  for  commerce.  In  the 
Adirondacks,  in  the  valley  of  Elizabethtown,  or  in  the  Keene  valley, 
and  all  along  on  the  north  side  of  the  mountains  in  the  vicinity  of 
Saranac  Lake,  old  lake  basins  are  shown  with  wonderful  fidelity.  The 
meadow  land  on  many  of  the  streams  has  that  flat  surface  which  is 
characteristic  of  exposed  lake  bottoms,  and  each  little  brook  has  a 
succession  of  terraces,  showing,  as  clearly  as  a  model  made  for  the 
purpose,  the  deltas  built  up  by  these  streams  in  the  past  when  they 
flowed  into  the  still  water  of  the  lake. 

As  stated  at  the  outset,  it  has  often  been  a  serious  j^roblem  with 
teachers  of  geology  in  engineering  schools,  who,  like  the  speaker, 
have  to  prepare  a  constituency  of  young  men  for  their  work  later  on, 
just  in  what  way  to  put  the  subject  in  order  that  it  may  be  of  the 
greatest  use  to  them  in  the  future;  and  more  and  more,  as  time  has 
gone  on,  has  the  speaker  realized  the  importance  of  the  development 
of  toi)ograi)hical  relief  from  the  study  of  past  conditions. 

Probably  the  members  are  aware  that  geography  of  late  has  taken 
a  new  departure,  and  that  the  linking  together  of  the  geological  and 
the  geographical  has  given  rise  to  what  is  called  the  new  geography. 
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Mr.  Kemp  The  better  teachers  of  to-day,  in  placing  geogi-ajihy  before  even  the 
children  in  the  schools,  have  always  topographical  relief  in  mind  as 
something  which  has  developed  in  the  course  of  time,  and  which  is 
dependent  uijon  the  relative  hardness  or  softness  of  rock,  u^jon  ero- 
sion of  streams  and  elevation  or  depression  of  land.  Thus,  the  study 
of  geography  to-day  is  not  so  entirely  a  matter  of  political  boundaries 
as  it  used  to  be;  and  experienced  teachers  find  that  by  the  handling 
of  little  collections  of  rock,  and  the  like,  the  child's  attention  is  drawn 
to  these  features,  and  the  child  himself  is  led  to  apj^ly  his  observation 
to  the  interj^retation  of  Nature  as  it  lies  about  him.  In  a  larger  way, 
and  with  students  of  more  mature  years,  the  general  experience  has 
been  that  it  is  upon  this  side  of  the  subject  that  the  greatest  stress 
should  be  laid,  and  if  any  of  those  who  take  part  in  this  discussion 
can  throw  out  hints  from  their  experience  that  would  be  of  value  to 
at  least  one  teacher,  they  would  be  very  gratefully  received.  In  geo- 
logy, as  taught  to  engineers  to-day,  it  is  not  so  much  a  matter  of  fos- 
sils and  the  dead  past,  as  it  is  placing  in  their  hands  the  key  to  many 
topographical  structures  with  which  they  will  have  to  deal  in  the 
future,  and  the  making  clear  to  them  the  development  of  the  surface 
of  the  earth  that  is  all  about  them. 

Mr.  Meem.  James  C.  Meem,  Assoc.  M.  Am.  Soc.  C.  E. — It  was  the  speaker's 
good  fortune  to  be  connected  for  some  years  with  the  United  States 
Coast  and  Geodetic  Survey's  transcontinental  triangulation,  which 
has  Just  been  completed.  He  was  on  this  triangulation  during  the 
observation  of  the  great  quadrilateral  in  the  Wasatch  Mountains,  the 
largest  observed  quadrilateral  in  the  world.  It  is  made  ujj  from 
Ogden  Peak  on  the  northeast,  Mount  Nebo  on  the  southeast.  Pilot 
Peak  in  Nevada,  and  Mount  Ibapah  on  the  southwest  lying  just  east 
of  the  Utah  and  Nevada  line.  These  peaks  are  from  9  000  to  12  000 
ft.  in  height,  and  the  sj^eaker  was  on  three  of  them  during  two 
seasons.  The  country  in  that  vicinity  is  possibly  as  interesting,  geo- 
logically, as  any  in  the  world.  There  is  the  Great  Salt  Lake  Basin, 
and  beyond  that  the  desert.  The  Great  Salt  Lake  contains  aboiit  17"^ 
salt,  while  the  ocean  has  only  about  3  per  cent.  The  water  is  so  dense 
that,  when  bathing  in  it,  it  is  impossible  to  sink.  Beyond  the  lake  for 
perhaps  60  miles  in  a  westerly  and  150  miles  in  a  northerly  and  south- 
erly direction  extends  the  Great  American  Desert.  Except  for  a  fcAv 
mountains,  which  rise  abruptly  from  its  surface,  it  is  a  plain  absolutely 
void  of  any  kind  of  vegetation  whatever.  It  is  crusted  over  with  a 
thin  coating  of  salt.  In  the  winter  there  is  a  little  snow  which  dis- 
solves the  salt,  and  in  summer  it  is  dried  again.  To  a  geologist  it 
should  be  a  simple  problem  to  decide  how  long  the  lake  will  continue 
to  exist.  There  is  an  interesting  feature  connected  with  this  region 
which  shows  that  the  ocean  once  covered  it.  The  bench  on  which 
Fort  Douglas  is  built  extends  around  the  lake  and  desert  region,  and 
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can  be  found  at  the  same  elevation  on  the  other  side,  which  shows  Mr.  Meem. 
evidently  that  the  region  was  once  covered  by  a  large  body  of  water, 
possibly  the  ocean.  The  ocean  must  at  some  time  have  broken 
through,  or  the  land  must  have  been  elevated,  and  the  subsequent 
evaporation  of  a  portion  of  the  water  over  this  region  accounts  for  the 
desert,  as  well  as  for  the  marked  salinity  of  the  lake  water. 

There  is  an  interesting  formation  at  Mount  Ibapah.  There  are  two 
peaks  rising  above  the  ordinary  range,  and  about  G  000  ft.  above  the 
valley.  One  of  these  is  of  white  sandstone,  and  the  other  of  red  sand- 
stone, and  their  bases  touch  one  another.  The  speaker  has  no  exjilan- 
ation  to  offer  for  this  phenomenon. 


CORRESPONDENCE. 


N.  H.  WiNCHELL,  Esq.  — The  writer  desires  to  express  his  entire  Mr.  Wmehell. 
concurrence  with  the  views  of  the  author  as  to  the  necessary  relation  of 
geology  to  topography,  and  the  dependence  of  the  latter  on  the  former. 
The  face  of  the  earth  is  nothing  but  what  geological  forces  have  made 
it — at  least  in  so  far  as  those  features  are  concerned  which  have  to  be 
represented  on  a  topographical  map.  He  is  the  best  topographer  who 
most  correctly  represents  those  features;  and  he  also  is  more  likely  to 
correctly  rej^resent  those  features  who  is  the  better  equipped  with 
l)roper  instruments,  skill  and  knowledge. 

It  is  necessary  only  to  consider  whether  a  knowledge  of  geology 
can  be  counted  among  the  needed  qualifications  of  the  topographer. 
It  may  be  thought  by  some  that  a  topographer  simjjly,  /.  e.,  a  civil 
engineer  who  is  expert  in  the  manipulation  of  nice  instruments  and 
the  tracing  of  delicate  lines  on  the  sheet,  has  all  the  necessary  qualifi- 
cations of  a  topographer  without  a  knowledge  of  the  geological  struct- 
ure, /.  «. ,  without  taking  into  account  the  internal  structure,  the 
anatomy  and  physics  of  the  earth,  he  would  more  correctly  delineate 
the  actual  surface  than  he  who  may  be  influenced  by  a  knowledge  of 
such  structure;  and  it  has  been  claimed  that  the  geologist  is  unfavor- 
ably affected  by  what  has  been  denominated  his  "  personal  equation." 
That,  however,  is  a  very  shallow  and  incorrect  view.  What  would  be 
thought  of  a  painter  who,  without  looking  beneath  the  surface  and 
considering  the  sentiment,  the  passion,  the  joy  or  the  grief,  which  he 
desires  to  depict  on  the  face,  simply  outlines  the  features,  or  attempts 
to  copy  shapes  of  a  human  body  in  any  attitude  ?  What  kind  of  a 
sculjjtor  would  he  be  who  knows  nothing  of  the  causes  of  the  muscu- 
lar shajses  of  the  body,  and  discards  a  consideration  of  the  causes  of 
those  shapes  ?  Who  can  paint  a  maple  leaf  or  a  buttercup  so  well  as 
he  who  has  studied  long  their  structiire  and  the  functions   of  their 
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Mr.  Winchell.  i^arts  ?  Who  can  so  well  express  an  idea  as  he  who  understands  that 
idea?  The  so-called  "personal  equation,"  therefore,  is  not  at  all  a 
jDersonal  equation,  but  is  an  additional  element  of  power,  qualifying 
the  topographer  who  possesses  it  the  better  to  discharge  the  task  he 
has  to  perform. 

It  is  imi^ossible  for  any  topographer,  whether  equipped  with  a 
knowledge  of  geology  or  not,  to  measure  the  altitude  and  the  size  of 
every  little  knoll,  and  to  fix  on  the  hillside  every  little  irregularity.  He 
cannot  delineate  with  perfect  exactness  the  degree  of  slope  on  one  side 
as  contrasted  with  the  degree  on  the  other  side  of  a  ravine.  There 
may  sometimes  be  considerable  areas  which  the  exigencies  of  the  case 
will  not  permit  him  to  fully  examine.  He  may  have  general  data  indi- 
cating unfailingly  the  form  of  a  valley,  but  not  detailed  positive  facts 
regarding  its  smaller  shapes,  or  he  may  know  the  general  shajje  of  a 
subordinate  hill  without  having  measured  it  on  all  sides.  If  the  topog- 
rapher in  such  cases  be  also  a  geologist  he  is  the  more  likely,  in  the 
construction  of  his  map,  to  correctly  fill  in  these  lacking  data.  On  the 
side  of  a  hill  he  will  know  better  whether  the  slojje  is  gradual  or 
abrupt,  and  hence  he  will  more  likely  give  the  suitable  shading  by  his 
contours.  In  fact,  in  general,  throughout  the  whole  work,  the  geol- 
ogist topographer  will  work  with  the  greater  rapidity,  and  the  greater 
correctness,  and  in  the  end  his  map  will  be  fit  immediately  for  the 
application  of  the  geological  colors. 

The  author  calls  attention  to  some  of  the  deep-seated  causes  of  the 
topography  of  the  surface  of  the  earth,  and  it  is  almost  self-evident 
that  he  who  understands  those  causes  is  the  better  qualified  to  express 
their  effects  in  the  form  of  topographical  maps. 

Mr.  Williams.  Edwabd  H.  WrLMAMS,  Jr.,  Esq.— This  paper  is  a  forcible  statement 
of  truths  which  too  often  meet  the  engineer  in  the  shape  of  a  balance 
sheet  where  expense  dwarfs  income,  because  roads  were  unnaturally, 
in  the  sense  of  ungeologically,  built.  The  writer  does  not  propose  to 
add  anything  to  the  array  of  facts  so  aptly  marshalled,  and  will  con- 
fine his  discussion  to  a  recital  of  instances  which  can  be  readily  re- 
called by  the  older  engineers  of  the  Society,  but  which  should  be 
brought  before  engineering  students  in  every  collegiate  course  by  the 
study  of  geographic  geology. 

Of  the  railroads  uniting  New  York  and  Chicago,  the  New  York 
Central  and  the  Pennsylvania  provide  material  for  a  competent  dis- 
cussion from  a  geologic  standpoint.  The  former  running  on  the  base 
and  altitude  of  a  right-angled  triangle  has  little  difficulty  in  meeting 
the  latter  in  speed  in  sj^ite  of  the  fact  that  it  follows,  as  well  as  it 
can,  the  hypothenuse.  This  could  be  i^redicted  by  any  geologist 
with  a  properly  colored  map  of  the  States  of  New  York  and  Pennsyl- 
vania, which  showed  the  river  systems,  but  omitted  all  topographic 
detail,  as  the  former  road  follows  the  base  level  of  the  Hudson  to 
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Albany,  and  thence  is  laid  upon  one  of  the  geologic  outcrops  which  Mr.  Williams, 
•cross  the  State  from  east  to  west  and  which  offers  little  opposition  to 
grading,  while  the  latter,  after  traversing  the  great  vallev  of  Pennsyl- 
vania, crosses  the  repeated  outcrops  of  the  hard  Oneida  and  Medina 
which  form  ridges  springing  abruptly  from  800  to  1  200  ft.  from  the 
river  bottoms,  so  that  many  detours  to  find  gaps,  and  much  tunneling, 
has  imposed  the  angular  plan  of  this  great  railroad.  It  is  a  magnifi- 
cent feat  of  engineering;  but  it  is  a  fight  against  Nature  and  not  an 
attempt  to  accept  Nature's  aid.  There  are  no  natural  east  and  west 
thoroughfares  in  this  State,  and  but  four  north  and  south  ones.  The 
first  by  the  Delaware  level  is  followed  by  the  Belvidere  Division  of  the 
Pennsylvania;  that  by  the  Lehigh  is  occupied  by  the  Lehigh  Valley 
and  the  Lehigh  and  Susquehanna;  that  by  the  Schuylkill  by  the  Schuyl- 
kill Divisions  of  the  Pennsylvania  and  the  Reading;  and  that  by  the 
Susquehanna  by  the  Northern  Central.  On  the  other  hand  Nature 
offers  unlimited  inducements  to  northeast  and  southwest  lines. 

The  geologist  also  can  predict  a  relative  cost  of  maintenance  for 
two  roads  from  a  knowledge  of  the  rocks  of  the  region,  and  can  select 
from  two  pai-allel  valleys,  offering  similar  gradients,  the  one  which 
will  "  wear  best  "  in  retention  of  sides  of  cuts  and  fills,  and  in  level 
and  alignment  of  track.  Pennsylvania  gives  many  instances  to  prove 
this,  and  to  show  that  while  river  gorges  may  be  favorable  as  regards 
construction,  they  may  prove  exi^ensive  in  the  matter  of  maintenance. 
These  are  examples  where  the  contour  of  the  surrounding  region 
affords  ready  collection  and  escape  for  rainfalls,  and  where  the  road- 
bed is  permanently  dry,  as  the  drainage  area  disposes  of  its  water 
either  through  underground  conduits  or  delivers  it  across  the  road  at 
a  few  places  which  can  be  effectively  and  permanently  treated.  On 
such  a  road,  track  grade  and  rail  alignment  ai'e  as  permanent  as  on  an 
ordinary  permanent  way,  and  speed  does  not  endanger  safety.  On  the 
other  hand,  there  are  roads  through  gorges  which  are  bordered  by 
sandstone  regions  of  great  porosity  and  monotonous  surface,  where  all 
the  rainfall  is  stored  within  the  upper  hundred  feet  of  the  mass  and 
is  regularly  and  persistently  sent  into  the  road-bed  at  millions  of 
points,  keeping  it  water-soaked  and  preventing  maintenance  of  grade 
and  alignment.  Such  roads  are  known  from  the  fact  that  the  outer 
rails  of  the  curves  are  always  pounded  down,  and  the  engineer  who 
has  to  traverse  the  line  on  a  fast  train  feels  like  offering  a  heartfelt 
thanksgiving  if  he  reaches  his  destination  in  safety.  For  such  roads 
no  system  of  track  drainage  will  suffice,  and  section  gangs  are  always 
busy  till  winter  freezes  the  bed  into  something  like  rigidity. 

It  is  also  a  good  thing  for  an  engineer  to  know  that  in  glaciated  river 
valleys  there  is  usually  more  or  less  quicksand  lying  under  the  hard 
till  and  against  the  solid  rock,  and  frequently  jjiliug  will  strike  the 
bouldery  till  and  be  smashed  as  if  against  rock ;  but  heavy  structures 
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Mr.  Williams,  subjected  to  shocks  will  show  after  erection  that  rock  was  not  reached, 
A  good  example  can  be  found  in  the  100-ton  hammer  of  the  Bethlehem 
Iron  Company  which  was  built  on  well -driven  piling,  but  which  sunk 
4  ft.  after  erection.  The  extensive  piling  of  the  Lehigh  Valley  Rail- 
way at  Buffalo  showed  how  ineffectually  surface  contours  indicated  rock 
depths.  The  experienced  engineer  will  therefore  use  extra  judgment 
in  glaciated  regions. 

These  few  instances  show  how  important  the  subject  of  this 
paper  is  to  an  engineer,  and  the  successful  engineer  of  the  future 
should  know,  not  only  how  to  locate  his  work,  but  how  to  locate  it  so 
that  Nature  will  aid  him  in  its  building  and  take  it  under  her  pro- 
tection. Too  late  he  may  know  that  Nature  has  resented  his  intrusion 
and  in  spite  of  his  efforts  is  surely  undoing  his  work. 

Mr.  Penrose.  R.  A.  F.  PENROSE,  Jr.,  Esq. — The  paper  sets  forth  the  inevitable 
connection  of  topographic  forms  and  geology,  and  shows  clearly  the 
utter  folly  of  the  many  dogmatic  and  meaningless  rules  laid  down  by 
some  topographers  who  are  not  geologists.  It  fills  a  long-felt  want  in 
giving  scientific  explanations  for  topographic  forms,  and  it  proves 
clearly  the  dependence  of  topographic  forms  on  geology.  The  sur- 
geon diagnoses  external  manifestations  on  the  human  body  because 
he  knows  the  internal  structure  of  the  body,  and  in  the  same  way  the 
geologist  recognizes  certain  topographic  forms  as  dependent  on  the 
nature  and  structure  of  the  underlying  rocks,  because  he  knows  the 
effect  of  natural  influences  on  such  combinations;  but  the  tojjograisher 
who  is  not  a  geologist  is  much  the  same  as  a  surgeon  who  is  not  an 
anatomist.  He  knows  the  surface,  but  he  does  not  know  the  causes 
of  its  phenomena,  because  he  does  not  know  the  underlying  structure. 
He  can  correctly  delineate  roads,  township  lines  and  all  fixed  points, 
but  when  he  attempts  to  give  character  to  the  topography  he  utterly 
fails.  Modern  topograj^hic  maps  are  made  largely  by  sketching  in 
details  between  points  and  lines  of  fixed  data.  The  character  of  these 
details  depends  on  the  geologic  structure  of  the  region  and  the  nature 
of  the  underlying  rocks.  Hence,  it  is  totally  beyond  the  need  of  ar- 
gument that  a  topographer  who  truly  portrays  Nature  must  also  be  a 
geologist. 
Mr.  Davis.  W.  M.  Davis,  Esq. — A  good  understanding  of  strixctural  geology 
and  of  the  origin  of  topographic  forms  is  indispensable  to  the  well- 
prepared  topographer,  for  various  reasons.  This  understanding  might 
be  dispensed  with  if  the  topographer  had  no  limit  as  to  time  and  ex- 
pense, for  he  could  then  stake  otit  every  contotir  line  and  survey  its 
course  with  great  precision  ;  but  it  is  obvioiis  that,  except  in  spe- 
cial cases,  such  a  method  is  utterly  impracticable.  A  few  points  on  a 
contoiir  line  are  all  that  can  be  instrumentally  determined,  and  the 
rest  of  the  line  must  be  sketched  in.  In  the  work  of  sketching,  some 
understanding  of  the  forms  to  be  sketched  is  of  great  service.     There 
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are  occasionally  persons  who  can  observe  and  sketch  so  well  that  they  Mr.  Davis, 
can  draw  a  good  contour  line  without  understanding  the  toj)ographicaI 
features  that  it  in  part  defines ;  but  such  persons  are  very  rare,  and 
they  may  be  neglected  when  planning  the  education  of  topographical 
surveyors.  Most  students  of  this  art  will  be  forced  to  admit  sooner  or 
later  that  it  is  a  very  difficult  thing  to  sketch  a  contour  line  accur- 
ately, and  that  every  aid  in  this  difficult  work  must  be  welcomed. 

Then  there  is  the  important  matter  of  generalization,  always  neces- 
sary in  consequence  of  maps  being  on  a  smaller  scale  than  Nature. 
Something  must  be  omitted;  something  must  be  selected  for  represen- 
tation; and  much  skilful  judgment  must  be  exercised  in  order  to  make 
this  selection  to  the  best  advantage.  The  writer  believes  that  a  tojDOg- 
rapher  who  selects  the  more  characteristic  features  for  representa- 
tion, and  omits  the  trivial,  accidental,  unessential  features,  can  make 
a  much  better  ma^)  than  a  topographer  who  trusts  to  chance  guidance 
in  these  matters.  Appreciative  generalization,  required  in  the  reduc- 
tion to  a  smaller  scale  than  that  of  Nature,  is  certainly  a  very  difficult 
art,  and  should  call  science  to  its  aid. 

The  accurate  seeing  that  is  needed  in  sketching  between  measured 
points,  and  the  appreciative  generalization  needed  in  drawing  on  the 
map  sheet,  are  both  greatly  aided,  in  practical  work,  by  a  good  under- 
standing of  the  subject  worked  upon.  Hence,  the  writer  often  regrets 
that  the  yoiang  topographer  is  extrcised  so  much  more  on  his  instru- 
ments than  upon  the  real  subject  of  his  professional  attention.  He 
is,  to  be  sure,  much  concerned  with  plane-tables  and  levels  and  tran- 
sits; he  must  give  some  attention  to  the  choice  of  good  paper  and  ink; 
but  the  object  of  his  most  careful  attention  should  be  the  earth's  sur- 
face that  he  maps.  He  should  approach  the  scene  of  his  work  with 
the  same  sympathetic  interest  in  it  that  the  artist  feels  on  coming  to 
the  siibject  of  his  picture.  Paint,  brushes  and  canvas  must  all  be 
well  chosen  and  ready,  but  all  must  be  held  subordinate  to  the  scene  to 
be  represented.  Yet  it  is  doubtful  if  the  young  topographer  of  to-day  is 
inspired  with  any  such  feeling  in  his  school  of  engineering.  He  is  there 
overwhelmed  with  instrumental  manipulations  and  logarithmic  tables; 
even  his  instructors  seldom  have  time  to  give  close  attention  to  the 
features  of  the  earth's  surface;  and  he  seldom  gains  from  them  the 
proper  spirit  in  which  he  should  enter  his  professional  career.  There 
must  be  various  practical  reasons,  so-called,  for  this  deficiency  in  the 
training  of  the  topographer.  He  generally  has  various  other  divisions 
of  the  large  subject  of  engineering  before  him,  and  not  knowing  in 
which  one  of  them  he  will  have  a  chance  for  employment,  he  mi;st 
needs  make  some  preparation  in  all.  So  with  the  faculty  of  engineer- 
ing schools,  there  are  so  many  technical  subjects  needing  attention 
that  physical  geology  and  geography  are  crowded  to  the  wall ;  at  best 
they  are  in  charge  of  some  one  who  gives  to  them  his  second  attention, 
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Mr.  Davis,  directing  his  first  and  best  thouglit  to  some  more  "  practical  "  subject. 
If  this  condition  of  things  were  exijlicitly  admitted  to  be  unsatisfac- 
tory by  those  who  direct  our  schools  of  engineering,  there  would  be 
more  hope  of  reform;  but  the  few  inquiries  that  the  writer  has  made 
have  not  discovered  any  serious  dissatisfaction  with  the  existing  order 
of  things.  So  it  must  be  expected  that,  for  many  years  to  come,  topog- 
rajihers  will  be  turned  out  of  engineering  schools  with  only  about 
the  same  measure  of  understanding  of  toi:)Ograi5hy  that  they  now  have. 

The  members  who  read  these  lines  may,  in  reply  to  these  criticisms, 
l^erhajDS  urge  that  the  writer  is  not  a  topographer,  but  a  geographer  ; 
and  hence  that  he  has  no  jjractical  experience  on  which  to  base  his 
statements.  Unfortunately,  this  is  in  good  part  true,  as  far  as  majj- 
making  is  concerned;  but  on  the  other  hand,  he  has  had  a  good  deal 
of  experience  in  using  maps,  and  in  this  way  he  frequently  has  oc- 
casion to  lament  the  inexpressive  drawing  of  hachures  or  contours.  A 
morainic  surface,  where  the  little  undrained  pools  or  swamps  were  the 
key  to  the  character  of  the  district,  has  been  represented  in  most  mis- 
leading style  as  having  everywhere  a  free  and  mature  drainage.  A 
valley  floor,  on  which  flat  alluvial  fans  are  spread  out  by  small  side 
branches,  has  been  contoured  without  any  proper  appreciation  of  the 
visible  convexity  of  the  fans,  in  consequence  of  which  the  contoiirs 
should  turn  down  stream,  not  up  stream,  in  crossing  them.  Sharp- 
edged  cliffs  have  been  rounded  off,  losing  their  essential  quality  of 
freshness;  and  whether  this  obliteration  of  essential  details  was  the 
fault  of  the  topograjiher,  the  draftsman,  or  the  engraver,  it  neverthe- 
less x^assed  the  scriitiny  of  an  institution  whose  majjs  are  on  the 
whole  justly  celebrated  for  their  accuracy. 

There  is  to-day  a  practical  diflSculty,  in  the  way  of  the  education  of 
the  young  topographer  in  physical  geology  and  geography,  in  the  ab- 
■sence  of  a  good  text  book,  directed  especially  to  his  needs.  Until 
such  a  book  is  forthcoming  from  among  our  geologists  and  geograph- 
ers, the  schools  of  engineering  may  perhaps  feel  that  the  resijonsibility 
for  the  defect  in  the  topographer's  education  does  not  lie  with  them. 
The  writer  would,  therefore,  be  personally  gratified  if  among  the 
Tesults  of  this  paper  and  the  discussion  following  it,  there  might 
be  found  the  inspiration  to  some  well-qualified  expert  in  geology, 
geography  and  topography,  to  produce  the  needed  book.  The  exist- 
ence of  such  a  book  would  go  far  towards  inducing  a  good  course  on 
eai'th  forms  in  engineering  schools,  where  little  attention  is  paid  to 
that  subject  now. 
Mr.  Stevenson.  JoHN  J.  Stevenson,  Esq. — Not  a  few  engineers  may  be  inclined  to 
think  a  discussion  of  this  sort  somewhat  irrelevant,  but  the  relations 
of  geology  to  topography  and  to  pi'actical  engineering  work  are  too  inti- 
mate to  be  ignored.  The  geologist  is  often  surprised  by  the  readiness 
of  men,  trained  in  observation,  to  overlook  striking  features  of  topog- 
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raphy  aud  of  geology.     Diagrams  ai-e  not  unknown  showing  rocks  Mr.  Stevenson. 
dipping  in  different  directions  where  there  is  no  variation;  showing  an 
abrupt  slope  ou  the  wrong  side  of  a  ridge  and  showing  a  rounded 
crest  where  only  irregularity  can  exist. 

A  rapid  geological  reconnaissance  of  a  region  with  not  very  com- 
jilicated  structure  is  the  best  preparation  for  making  a  detailed  topo- 
grai^hical  map  of  it  for  use  by  railroad  engineers.  Hard  rocks  give 
ridges,  soft  rocks  give  valleys.  A  geological  profile  tells  whei'e  to  ex- 
pect the  hard  or  the  soft  rocks;  it  exhibits  the  folds  and  their  direction 
as  well  as  the  rate  of  dip  on  both  sides.  Given  now  the  drainage  ar- 
rangement, the  topographer,  w-ith  even  moderate  knowledge  of  geology, 
is  prepared  to  sketch  in  the  relief,  aud  to  give  a  map  which  can  be 
utilized  in  the  office  for  determining  lines  of  preliminary  survey.  It 
can  be  iitilized  even  for  tentative  determination  of  cost  of  construc- 
tion, as  the  distribution  of  hard  and  soft  rocks  along  any  given  line 
can  be  ascertained  approximately.  In  many  cases  the  true  conditions 
are  different  from  the  apparent,  for  the  only  rocks  extensively  ex- 
l^osed  on  a  ridge  may  be  soft,  whereas  the  core  is  most  likely  to  be 
hard.  The  writer  knows  of  one  case  where  a  firm,  by  the  advice  of  an 
engineer,  contracted  for  a  long  tunnel  on  the  basis  of  soft  rock 
throughout,  though  midway  it  passed  through  about  1  500  ft.  of  very 
hard  sandstone,  a  fact  which  would  have  been  discovered  quickly 
enough  if  the  adviser  had  jjossessed  even  a  moderate  amount  of  geolog- 
ical knowledge. 

The  indifference  of  the  observer  to  the  varying  forms  of  relief  due 
to  erosion  of  rocks  of  different  hardness  may  lead  to  financial  disaster. 
About  twenty-five  years  ago,  it  was  proposed  to  construct  a  railway  in 
order  to  obtain  cheap  iron  ore.  The  expert  discovered  that  the  cost 
of  construction  along  the  valley  where  the  ore  had  been  dug  would  be 
very  great;  but  he  found  on  the  other  side  of  one  of  the  bounding 
ridges  w'hat  he  believed  to  be  the  same  ore-bearing  rock,  aud  advised 
that  the  road  be  constructed  on  that  side,  as  the  cost  would  be  very 
much  less.  Happily  for  the  projectors,  the  panic  of  1873  prevented 
them  from  building  the  road,  for  the  rocks  are  not  the  same — one  is 
ore-bearing,  the  other  not,  and  the  ridge  between  them  is  abrupt. 
But  the  ridge  itself  tells  the  story  by  its  form,  and  tells  it  so  well 
that  a  geologist,  notwithstanding  the  close  resemblance  of  the  two 
rocks,  would  be  led  to  doubt  their  identity  and  to  make  close  investi- 
gation. 

The  "  surface  creep  "  is  a  factor  in  topography  and  in  engineering 
to  which  the  author  has  not  alluded.  This  is  the  downward  movement 
of  superficial  portions  of  a  slope,  giving  a  rudely  benched  outline  to 
mountain  valleys.  It  is  by  no  means  an  uncommon  phenomenon  in 
the  Appalachian  region,  occurring  ordinarily  well  up  a  valley,  along 
an  inviting  line  for  a  railroad  aud  too  often  at  about  the  place  where  the 
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Mr.  Stevenson,  tunnel  should  enter  ;  but  nothing  can  be  conceived  mtich  worse  for  a 
portal  than  the  200  or  more  feet  of  crushed  rock,  which  is  liable  to 
be  folded  in  such  way  as  to  have  the  axis  of  the  fold  coincident  with 
that  of  the  tunnel.  Yet  such  a  feature  as  this,  familiar  enough  now  to 
geologists,  is  almost  certain  to  be  overlooked  by  the  ordinary  observer 
in  prejjaring  the  map. 

The  relations  of  dip  to  topographic  structure  are  very  intimate  and 
the  rule  respecting  them  is  so  simple  that  one  with  even  modest  geo- 
logical attainments  is  not  likely  to  err.  But  how  dangerous  ignorance 
of  geology  may  prove  in  leading  to  false  generalizations  is  shown  in 
an  otherwise  very  admirable  paper,  presented  to  this  Society  several 
years  ago.  The  author  laid  down  some  very  definite  rules  respecting 
directions  of  slopes,  but  the  rules  were  purely  empirical,  applicable 
where  he  had  observed  and  wholly  inapi^licable  where  rocks  dip  in 
any  other  direction.  One,  proceeding  uj^on  rules  such  as  laid  down 
in  that  paper,  would  j^roduce  a  map  with  some  slopes  right  and  others 
wrong,  for  he  would  find  what  he  looked  for,  and  his  map  might  lead 
to  the  waste  of  much  time  r.nd  money  in  preliminary  surveys. 

Mr.VanOrnum  J.  L.  Van  Ornum,  A.SSOC.  M.  Am.  Soc.  C.  E. — This  paper  is  a  sub- 
stantial addition  to  semi-technical  literature.  Undoubtedly  a  knowl- 
edge of  the  science  of  geology  is,  at  times,  of  the  greatest  importance 
in  engineering  plans.  The  writer's  own  experiences  on  reconnoissances 
have  shown  him  the  advantage  of  an  understanding  of  geological 
Ijrinciples  on  such  expeditions.  Plainly  a  knowledge  of  geology  has 
contributed  definitely  to  the  development  of  the  diversified  and  ela- 
borate systems  of  water  suj^ply  of  Western  Europe.  Other  instances 
of  the  direct  application  of  geological  knowledge  to  engineering  imder- 
takings  will  occur  in  the  individual  experience  of  every  engineer.  In 
certain  fields  of  topographical  engineering  this  concisely  comprehensive 
paper  will  offer  real  assistance.  Nevertheless,  the  writer  cannot  agree 
that  geology  is  a  necessity  to  the  scientific  topographer.  Were  the 
word  topography  given  its  primai'y  meaning,  the  "  delineation  and 
descrijjtion  in  minute  detail  of  any  place  or  region,"  its  generality 
would  make  it  include  subsurface  as  well  as  surface  characteristics, 
and  would  thus  include  geology  as  an  essential;  but  if  there  is  given 
to  topography  its  later,  more  technical,  more  definite  and  better  mean- 
ing— that  of  a  faithful  representation  of  the  earth's  surface  features — 
the  incorporation  of  its  internal  structui*e  is  excluded.  This  latter 
meaning  is  also  adopted  by  the  author,  in  the  beginning  of  the  seventh 
paragraph  of  the  paper,  and  this  understanding  of  the  term  gives 
definiteness  to  its  consideration. 

At  the  end  of  the  third  paragraph  the  author  compares  the  topog- 
rapher ignorant  of  geology  to  the  surgeon  lacking  anatomical  knowl- 
edge; and  yet  the  work  of  the  latter  is  internal,  while  the  study  of  the 
former  concerns  the  surface.     A  truer  parallel  might  be  that  of  the 
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sculptor,  whose  labor  is  to  delineate  truly  the  external  appearance,  Mr. Van  Oinum 

interesting   himself   with   subsurface  development  only  so  far  as  it 

aids  in  giving  true  expression  to  the  exterior;  and  even  then,  in  the 

nation  which  excelled  all  others  in  sculpture,  and  the  work  of  which 

is  still  considered  the  truest  and  best,  Phidias  wrought  with  master 

hand  a  hundred  years  before  Aristotle's  researches  revealed  the  crude- 

ness  of  Grecian  anatomical  knowledge  and  placed  that  science  on  a 

basis  of  scientific  truth.* 

DropjHng  the  simile,  the  writer's  practical  exijerience  on  tojjog- 
raphy  has  been  quite  different  from  that  mentioned  in  the  j^aper.  This 
experience  has  demonstrated  to  him  that  the  exact  methods  available 
for  topograjjhical  work  inevitably  show  a  cliff  where  a  cliff  occurs,  a 
ridge  where  a  ridge  is  encountered,  or  the  descent  and  sinuosities  of  a 
torrent  as  its  meanderings  actually  occur  in  Nature.  In  short,  the 
scientific  methods,  the  application  of  mathematical  principles,  and  the 
instrumental  precision,  under  the  command  of  the  engineer  for  a 
topographical  survey,  make  absolutely  fixed  and  reliable  (within  the 
limits  of  representation  of  his  map)  the  relative  position  and  elevation 
of  every  surface  feature  of  the  terrene.  Such  tojiographical  methods 
and  control  reduce  to  a  mathematical  exactitude  the  process  of  delinea- 
tion, which  Viecomes,  primarily  and  essentially,  simply  a  question  of 
applied  mathematics.  Of  course,  other  knowledge,  the  more  extensive 
the  better,  is  often  useful;  but  the  writer  is  here  speaking  of  primary 
essentials.  To  advert  again  to  the  comparison,  the  scientific  methods 
of  exact  topography  render  its  representation  comparable  to  the  tak- 
ing of  a  plaster  cast  of  the  human  subject,  which  is  essentially  inde- 
pendent of  the  internal  structure. 

There  should  be  an  exception  made  if  to  toi^ography  is  given  a 
more  general  significance,  that  involving  a^iproximate  and  inexact 
representation,  which  is  an  unavoidable  result  of  the  hasty  methods 
that  are  practicable  on  reconnoissances,  and  which  also  follows  the 
procedure  depending  upon  the  occupancy  of  occasional  points  only 
and  from  them  "  sketching  in  "  all  the  area  by  eye,  or  by  other  estima- 
tion of  distance,  direction  and  elevation.  While  such  representation 
is  occasionally  useful  to  engineers,  it  probably  misleads  them  fully  as 
often  as  it  aids,  as  in  the  case  of  the  Massachusetts  Lake,  which  was 
shown  as  having  its  outlet  to  the  east  when  in  reality  it  was  from  the 
western  side.  In  cases  where  these  inexact  methods  are  the  best  that 
circumstances  jsermit,  or  are  deemed  sufficient  for  the  purpose  desired, 
the  writer  most  earnestly  advocates  an  indication  of  its  approximate 
character,  by  means  of  the  style  of  delineation  chosen,  or  by  exjilana- 

*  "  Two  leading  facts  may  be  admitted  with  certainty.  The  first  is  that,  previous  to 
the  time  of  Aristotle,  there  was  no  accurate  knowledge  of  anatomy  *  *  *  ;  among  the 
services  which  the  philosopher  of  Stagira  rendered  to  mankind,  one  of  the  greatest  and 
most  substantial  is,  that  he  was  the  founder  of  Comparative  Anatomy"  [Encyc.  Brit. 
(1875),  Vol.  I,  p.  8ai]. 
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Mr.VanOrnum  tovy  notc,  in  order  that  none  referring  to  sucli  maps  may  be  unwit- 
tingly misled,  as  well  as  for  the  sake  of  the  topographer's  reputation. 

For  many  engineering  works  the  topographical  survey  is  a  pre- 
requisite. In  questions  of  water  supply  and  transmission,  sewers, 
railway  location,  drainage,  highways  and  other  public  improvements 
it  is  of  increasing  imjjortance.  To  be  of  value  to  the  civil  engineer 
the  survey  must  be  entirely  reliable.  Such  accuracy  is  obtainable 
only  by  employing  the  exact  methods  of  topographical  delineation 
widely  used  and  thoroughly  proved,  which  are,  in  the  writer's  judg- 
ment, primarily  and  essentially  independent  of  geological  formation 
and  structure. 
Mr.  Lyman.  Bexjamin  Ssuth  Lyman,  Esq. — The  author  has  done  a  very  useful 
piece  of  work  in  setting  forth  so  clearly,  forcibly,  methodically  and 
compactly  the  essential,  elementary  principles  of  the  origin  of  topog- 
rajshy;  principles  that  are  so  apt  to  be  overlooked  or  wholly  misinter- 
l^reted  by  many  civil  engineers  and  others  who  have  to  deal  with,  or 
at  least  observe  the  finished  results  of,  topography-forming  causes.  He 
has  well  jjointed  out  the  absence  of  anything  supernatural,  miraculous 
or  cataclysmic  in  the  most  stupendous  topographical  forms,  and  how 
they  are  simply  the  work  of  the  same  every-day  agencies  of  water,  air 
and  temperature  that  are  now  to  be  seen  acting  upon  the  rocks  and 
the  earth.  He  has  shown  how  the  result  accomiilished  by  those 
agencies  varies  with  the  material  they  work  upon,  according  to  the 
comparative  hardness  of  the  different  rockbeds,  and  according  to  their 
position  or  geological  structure  and  certain  other  conditions. 

He  has  not  gone  very  fully  into  the  effect  of  geological  structure. 
That  is  not  so  obvious,  to  be  sure,  in  its  influence,  but  is  perhaps  the 
most  important  of  all  the  conditions  and  the  most  striking,  character- 
istic and  useful  in  the  indications  it  impresses  in  a  large  way  upon  the 
tojiography.  That  subject,  however,  was  very  ably  and  somewhat 
elaborately,  though  briefly,  discussed  by  Lesley  and  H.  D.  Rogers 
forty  years  ago,  when  it  was  a  novelty  to  the  scientific  world.  It  is 
very  gratifying  to  find  the  seeds  they  sowed  not  only  growing  vigor- 
ously, but  already  yielding  more  and  more  abundant  fruit.  Their  sub- 
ject— The  Way  the  Topography  is  Influenced  by  the  Geological 
Structure  of  a  Series  of  Rockbeds  of  Different  Hardness — is  indeed  the 
only  part  of  the  whole  matter  that  is  not  rather  obvious  to  anybody 
who  has  given  a  little  attention  to  geology,  and  consequently  it  was 
iserhaps  all  that  was  worth  discussing,  except  to  beginners. 

Notwithstanding  the  excellence  of  the  paper,  the  writer  begs  to 
take  excej^tion,  in  some  degree,  to  one  of  the  author's  emphatic  re- 
marks, namely :  ' '  To  set  a  man  at  work  on  tojjography  Avho  knows 
nothing  of  geology  is  very  like  having  some  one  perform  a  surgical 
oj)eration  who  knows  nothing  of  anatomy."  He  adds:  "It  is  of  the 
utmost  importance  to  the  topographer  that  he  should  know  what  kind 
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of  topography  to  exj^ect;"  and  lie  declares  that  the  object  of  his  pai)er  Mr.  Lyman, 
is  "  partly  to  shoAv  the  necessity  of  a  knowledge  of  geology  to  the 
toi^ographer." 

Such  expressions  might  perhaps  be  nnduly  discouraging  to  a 
topographical  engineer  imperfectly  acquainted  with  geology  and  yet 
more  ignorant  of  the  geological  structure  of  the  field  he  is  sketching. 
Unquestionably  it  is  desirable  that  a  toiiographer  should  know  that 
soft  rockbeds  are  apt  to  occasion  depressions  in  the  surface  of  the 
ground,  and  that,  for  example,  in  a  coal  region  a  terrace  or  a  narrow 
hollow,  like  a  groove  or  crease  in  the  surface,  may  be  caused  by  the 
outcrop  of  a  coal  bed.  If  he  is  aware  of  the  importance  of  such  topo- 
grajjhical  variations,  and  is  consequently  on  the  lookout  for  them,  they 
will  appear  in  his  mapping  and  be  serviceable  as  indications  of  the 
underlying  geological  structure. 

It  is  true  that,  j^^st  as  a  knowledge  of  anatomy  is  useful  in  drawing 
an  imaginary  human  figure,  a  good  knowledge  of  geology  might  be 
necessary  for  making  a  rational  and  consistent  imaginary  tojjographical 
sketch  ;  but  a  pictui'e  of  an  actual  human  figure  may  be  made  without 
much  anatomical  knowledge,  and  without  iinderstanding  whether,  for 
instance,  a  protuberance  indicates  the  presence  of  a  bone  or  is  merely 
a  wen,  or  without  being  aware  of  the  cause  of  a  depression.  Indeed, 
the  sculptor  of  the  recently  famous  Bacchante  Statue,  is  said  to  have 
copied  his  model  so  faithfully,  yet  in  such  unconsciousness  of  the 
anatomical  or  physiological  causes  of  what  he  saw,  as  to  have  show-n 
above  the  knees  slight  hollows  made  by  the  ijressure  of  garters. 
However  incongruous  the  result  may  be  for  the  imaginary  subject,  it 
is  an  excellent  copy  of  the  actual  woman.  In  the  same  way,  as  the 
topographer  needs  to  reproduce  actual  facts,  he  may  be  accurate  with- 
out know'ing  the  geological  causes  of  the  forms  he  copies.  Indeed,  he 
may  be  more  accurate  and  unprejudiced  than  if  he  imagined  that  he 
understood  the  geology  of  the  place  and  sketched  the  surface  as  he 
thought  it  ought  to  be  in  order  to  agree  with  his  idea  of  the  geology. 
As  it  is  very  often  quite  impossible  for  the  most  skilful  geologist  to 
know  even  in  a  general  way  the  underlying  geological  structure  at  the 
time  when  the  surface  is  sketched,  it  is  best  to  aim  at  the  utmost 
freedom  from  prejudice  in  sketching,  so  as  to  make  a  picture  as  faith- 
ful and  unbiased  as  if  photographed  by  the  wholly  impartial  sunlight. 

A  good  illustration  of  the  excellent  geological  indications  of  topo- 
graphical work  that  was  doiibtless  done  without  any  knowledge  of  its 
geological  bearing  is  to  be  seen  in  the  admirable  map  of  the  salt  range 
and  the  neighboring  country  in  the  Punjab,  made  for  military  purposes 
about  forty-five  years  ago  by  engineers  under  the  guidance  of  Captain 
D.  G.  Kobinson.  Many  portions  of  the  maj)  show  how  distinctly  the 
numerous  strongly  contrasted  and  persistent  variations  in  hardness  of 
the  rockbeds  have  caused  the  geological  structure  to  be  indicated,  even 
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Mr.  Lyman,  in  some  cases  where  it  is  very  irregular  and  mucli  broken  up,  and  most 
unlikely  to  have  been  suspected  or  considered  by  the  topographer. 
One  such  difficult  portion  of  the  map  is  photographically  reproduced 
in  Plate  II. 

At  the  southern  edge  of  this  fragment  of  the  map,  there  is  evidently 
a  basin,  with  its  inner  shallow  part  bounded  by  a  narrow  ridge  of 
somewhat  rectangular  course  much  broken  down  on  the  eastern  side, 
owing  to  the  nearness  of  the  large  stream  that  traverses  the  basin  from 
north  to  south.  To  the  east  of  this  inner  basin  the  rocks  plainly  dip 
steeply,  aboiit  vertically,  westward,  with  two  or  three  principal  narrow 
ridges  and  a  number  of  smaller  ones  between,  separated  by  small  nar- 
row valleys.  To  the  northeast  of  the  central  basin,  those  outer  ridges 
are  broken  into  sharp  angular  and  rather  confused  forms  somewhat 
resembling  the  prow  of  a  ship,  one  enclosing  another.  To  the  west  and 
northwest  of  the  central  basin,  the  rocks  dip  less  and  less  steeply  east- 
Avard,  forming  little  hills  with  a  gentle  eastern  slope  and  an  abrupt 
western  escarpment,  and  with  the  crests  of  the  narrow  ridges  so  worn 
down  as  to  leave  little  peaks  between  the  small  cross-cutting  valleys. 
Northward  in  the  main  valley  of  the  river,  later  horizontal  soft  beds, 
apparently  more  or  less  recent  alluvium,  in  gi*eat  part  cover  up  the 
underlying  steep-dipping  harder  rocks,  and  leave  the  country  in 
the  main  a  nearly  level  plain.  The  small  narrow  ridges  that  rise 
above  that  horizontal  alluvium,  as  well  as  the  ridges  adjacent  to  it,  show 
that  the  rockbeds  not  only  dip  steeply,  but  with  some  sudden  changes 
of  direction,  as  if  those  lower  hard  rocks  had  been  strongly  compressed 
into  basins  and  saddles  and  here  and  there  quite  crushed  and  broken 
into  irregular  shapes;  yet  in  some  cases  with  the  sharp,  almost  angular, 
curves  of  successive  beds  nearly  parallel  to  one  another,  even  where 
rather  far  apart. 

It  is  clear,  then,  that  while  a  knowledge  of  some  of  the  simplest 
topographical  effects  of  geological  erosion  may  be  useful  to  the  engi- 
neer, so  that  he  may  be  on  the  lookout  for  them,  it  is  not  necessary 
that  he  should  have  anything  like  a  thorough  geological  training  and 
still  less  that  he  should  be  aware  of  the  geological  structure  of  the 
place  he  is  sketching. 
Mr.  Branner.  JoHN  C.  Branner,  Esq.,  Ph.  D. — In  SO  Condensed  a  statement  of 
the  case  it  is  not  possible  to  go  into  details  or  to  mention  the  excep- 
tions that  may  be  found  to  every  rule.  That  there  are  exceptions  to 
rules  for  topographic  forms  no  one  knows  better  than  the  author;  in- 
deed, one  of  the  chief  objects  of  the  paj)er  was  to  point  out  the  fact 
that  the  rule  for  one  place  is  inapplicable  in  another  jjlace. 

The  most  common  objection  one  hears  to  the  theory  here  set  forth 
is  that  surface  forms  are  ascertained  by  instrumentation,  and  that  it  is 
only  necessary  to  have  this  work  well  done  in  order  to  i)roduce  a  good 
topographic  map. 
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CORRESPONDENCE    ON    GEOLOGY    AND   TOPOGRAPnV.  95 

Professor  Davis  touches  the  vital  point  of  this  objection  when  he  Mr  Branner. 
jDoints  out  that  the  topogra^iher  cannot  stake  off  and  I'un  out  his  con- 
tours. He  is  limited  as  to  time,  means  and  data,  and  his  map  must 
be  made  Avithin  the  limitations  imposed.  The  fact  that  there  is  now 
and  then  a  topographer  who  is  able  to  make  excellent  maps  without 
having  studied  the  reasons  for  topographic  forms  cannot  be  accepted 
as  determining  the  best  training  for  the  common  run  of  students. 
Such  men  are  quite  the  excejition. 

Under  the  head  of  geologic  agencies  influencing  topography,  one 
item  of  considerable  im])ortance  was  not  mentioned:  the  influence  of 
joints  on  the  rocks.  Good  illustrations  of  this  influence  may  be  found 
in  Dutton's  "  Geologn  of  the  High  Plateaus  of  Utah"  plates  VII  (op.  p. 
253)  and  X  (op.  p.  280),  and  in  Daubree's  "  Geologie  Experimetitale,"  pp. 
324-373. 

An  excellent  illustration  of  the  influence  of  climatic  conditions  on 
topography  is  found  in  the  "  Knobstone  "  of  Indiana.  Professor  John 
F.  Newsom,  of  the  University  of  Indiana,  who  has  been  working  lapon 
the  geology  of  this  formation  for  several  years,  has  informed  the 
author  that  this  rock  is  highly  susceptible  to  weathering  influences; 
so  much  so  that  the  south-facing  slopes  are,  as  a  rule,  gentle,  while 
those  facing  the  north  are  abrujit.  An  article  by  J.  T.  Campbell* 
offers  a  different  explanation  for  the  topograpy  of  the  "Knobstone," 
but  the  author's  own  observations  on  this  rock  agree  entirely  with 
those  of  Professor  Newsom. 

*  American  Naturalist,  Vol.  XVIII.  p.  367. 


Vol.  XXXIX.  JUNE,  1898. 


AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS. 

INSTITUTED     185  2. 


TRANSACTIONS. 


Note.— This  Society  is  not  responsible,  as  a  body,  for  the  facts  and  opinions  advanced 
in  any  of  its  publications. 


No.  822. 


THEORY  OF  THE  IDEAL  COLUMN. 


By  Wm.  Cadj,  M.  Am.  Soc.  C.  E. 
Pkesented  December  1st,  1897. 


WITH  DISCUSSION. 

The  usual  derivation  of  Euler's  formula  for  long  columns  does  not 
show  that  it  gives  the  load  at  which  bending  just  begins.  The  follow- 
ing analysis  brings  out  this  imjiortant  fact.  It  further  gives  an 
expression  for  the  maximum  deflection  for  a  load  very  slightly  exceed- 
ing that  given  by  Euler's  formula,  and  confirms  that  formula  as  a 
practical  one  within  the  usual  limits. 

The  following  theory,  as  to  method,  is  a  closer  approximation  to 
the  truth  than  the  usual  analysis,  as  the  original  (straight)  and  final 
(curved)  axes  of  the  column  are  nowhere  confounded  as  in  the  common 
theory,  where  an  approximation  to  the  radius  of  curvature  is  assumed 
at  the  start.     Here,  the  correct  expression  for  the  radius  of  curvature 

p  =  ^—  is  used,  and  the  analysis,  as  a  whole,  seems  as  acciirate  as 
(I  6 

the  subject  admits.  This  closer  approximation  is  not  an  aim  in  itself, 
but  only  a  necessary  means  to  bring  out  and  properly  interpret  well- 
known  results. 

The  columns  to  be  examined  will  be  regarded  as  "ideal"  or  as 
prismatic  homogeneous  columns,  having  the  force  P  applied  at  one 
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end,  in  the  direction  of  the  axis  or  line  through  the  centers  of  gravity 
of  the  cross-sections. 

In  Fig.  1,  A  C  B  represents  the  original  straight  axis  of  the  column, 
and  the  force  P  is  supposed  applied  at  -4  in  the  direction  A  C  B. 
It  is  to  be  understood  throughout  that  the  force  P  is  never  to  be 
so  large  as  to  cause  the  stress  in  any  fiber  to  exceed  the  limit  of 
elasticity. 

First,  let  the  column  be  supposed  pivoted  at  the  ends  at  A  and  B. 
As  the  column  is  straight  and  homogeneous,  the  force  P  will  compress 
it,  so  that  its  primitive  length,  A  C  B  =^  a  ins.,  is  changed  to  A'  C  B 
=  rt,  ins. ;  but  the  column  -will  remain  straight,  as  the  stress  is 
ixuiform  on  each  cross-section.  The  weight  of  the  column  is  neglected 
in  this  investigation.  Calling  A  =  the 
area  of  cross-section  in  square  inches, 
and  E  =  the  modulus  of  elasticity  in 
liouuds  i^er  square    inch.    A'    C  B   ^^   a^ 

Now,  suppose  lateral  forces  to  bend 
the  column;  if  P  is  large  enough,  it 
remains  bent  after  the  lateral  forces  are 
removed,  and  the  axis  takes  the  position 
A"  H  £>  B  under  the  force  P  alone. 

As  the  length  of  the  axis  is  not  altered 
by  flexure,  the  length  of  the  curved  axis 

A"  HDB^a^  =  a(l-  J^y 

In  Fig.  1  call: 

I  =  moment  of  inertia  of  cross-section  at  H  about  an  axis  pro- 
jected in  H, 
0  =  angle  (in  circular  measure)  the  section  at  H  makes  with  its 

original  horizontal  direction, 
9(,  =  value  of  9  at  top  of  l)ent  column  A", 
s  =  length  of  arc  B  D  H, 


Fig.  1. 


ft  =  radius  of  curvature  at  H  = 


d  s 
dl' 


f  =^  maximum  deflection  =  C  D. 
The  origin  of  co-ordinates  will  be  taken  at  B;  x  vertical  (along 
primitive  axis)  and  y  horizontal. 
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If  the  primitive  straight  axis  A  C  B  is  divided  into  N  equal  parts, 

each  equal  to  -=^    after  compression  of  the  axis  from  the  length  A  C  B 

=  a  to  the  length  A'  G  B  =  a^,  each  of  these  parts  will  now  have  the 

length  —^  and  the  same  is  true  for  each  of  the  -ZV^  equal  parts  into 

which  the  bent  axis  A"  H  D  B  is  divided,  since  the  arc  A"  H D  B  = 
A'  GB  =  ai. 

In  Fig.  2  is  shown  a  portion  of  the  bent  column.     The  original 

length  H  J=  ^  oi  axis  has  been  changed  to  length  of  arc  H  H'  =  -^, 

On  drawing  a  section  F  F'  through  H'  parallel  to  that  at  H,  making 
F  H'  ^  G  H'  =-V  =  distance  from  axis  to  most  compressed  fiber,  then 
on   bending   (after  the   uniform   compression  has  been  exerted  that 

changes  length  —  of  axis  to  -z^),  the  section  F  F'  at  H',  originally  par- 
allel to  that  at  H,  rotates,  rela- 
tively to  it,  to  position  G  H'  G', 
the  points  F  and  F '  describing, 
relatively  to  G  and  G',  circular 
arcs  F  G  and  F'  G'.  Call  length 
,  oiarcFG  =  E. 
■■^^^X--''"p  \  For  a  small  deflection  /  (Fig. 

1),  the  comjjonent  of  P  parallel 
Fig.  3. 

to  the  section  at  H  is  very  small 

and  may  be  neglected,  so  that  the  sections  at  iJand  H'  (Fig.  2),  origi- 
nally nornial  to  the  axis,  remain  so  after  flexure.  The  angle  (19 
between  the  final  sections  at  H  and  H'  =  angle  F  H'  G.  If  the  arc 
H  H'  is  regarded  as  a  circular  arc,  described  with  radius  p  from  center 
0,  which  is  admissible,  as  N  will  be  supposed  to  increase  indefinitely 
in  going  to  the  limit,  it  is  seen  that  the  circular  sectors  0  H  H' 
and  F  H'  G  are  similar,  having  the  same  central  angle;  hence, 
a^  a,  V 


It  is  seen  from  the  figure  that  the  bending  alone  does  not  change 
the  length  of  any  portion  of  the  axis  as  H  H'  (Fig.  2),  as  was  assiimed 
above. 

If  aS  designates  the  stress  in  the  fiber  at  G  of  cross-section  unity,  duo 

V 
to  bending  alone,  then  aS"  =  3/ —T^  by   a   well-known   formula,    where 
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M  =  bending  moment  ^  P  y,  and  y  (Fig.  1)  is  the  ordinate  to  the  axis 
at  the  section  considered. 

By  another  standard  formula, 

K  =^  change  of  length  in  fiber  at  Q  (Fig.  2). 
=  5  X  old  length  of  tiber  HJ-^E. 

E  I   NE 

_  «,  E  I  _ds 
'''  '^  ~a  Tl  ~  UB 
The  fact  that,  by  the  usual  hypothesis,  the  change  of  length  K, 
due  to  flexure  only,  varies  with  the  stress  and  the  old  length  of  fiber 
has  been  especially  emphasized  by  Henry  S.  Prichard,  M.  Am.  Soc. 
C.  E.,  in  his  notable  contribution  to  the  theory  of  "The  Ideal 
Column.  "*  The  author's  indebtedness  to  Mr.  Prichard,  in  the  previous 
analysis,  will  be  evident  on  comisarison. 

(/  s 

In  the  correct  value  of  p  =  -r-^  given  above,  it  is  seen  that  N  has 

been  eliminated,  hence  the  result  is  true  at  the  limit,  as  JV  indefinitely 
increases  and  H'  approaches  H  indefinitely. 

From  the  value  of  p  above,  placing  Py  for  M  and  putting  m  = 

(—  ^=-jr  ),  there  results, 

1       do        /a     P  \  ,,, 

p       d  s        \a^  E 1/  ^  ^  ^  ' 

m  is  here  constant  for  a  constant  P.     Differentiating  (1)  as  to  s, 

— -i,  :=  7n  — ^   =  —  wi  sin  0 (2) 

ds~  ds 

Multiplying  by  2  rf  6  and  integrating, 

2  m  cos  6  +  C. 


\dsJ 


At  A"  where  6  =  S^  and  —  =  0  from  (1)  since  y  =  0,  C  =  —  2m  cos  6^. 


\d  s/ 


2  wi  (  cos  0  —  cos  Qg) (3) 


d^ _ 

V2  (cose -cose J  =  ^"^ ■'^' (^) 

'  Engineering  News,  May  6th,  1897,  Appendix  A  (3a). 
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If  6  becomes  zero  i  times  between  B  and  A",  the  integral  of  the 

left  member  between  £  and  ^"  is  t  ;r  (  1  -J-  i%)o'^  neglecting  the  fourth 

and  higher  powers  of  e„  (see  Appendix).  The  integral  of  tlie  right 
member  between  the  same  limits  is  \/  «i  .  cr,  ;  hence  to  this  approxi- 
mation, 

i  Tt   M  +  ^J  =  rt,  V  m (5) 

Equations  (1)  and  (3)  applied  to  points  like  D,  for  which  6  =  0, 
t/  =  /,  give  —  =  7W  /;  I  -7—  I  =  2  m  (1  —  cos  Sj  ;  or,  since  in  conse- 
quence of  6g  being  very  small,  2  (1  —  cos  S^)  =  2  (1  —  1  +  i  S,/)  = 
■6g^,  on  neglecting  as  before  the  fourth  and  higher  powers  of  9,^,  the 
two  previous  equations  give, 

m'/^  =  m  9/  .  • .  Sq'  =  mf' (6) 

Sq  can  now  be  eliminated  by  substituting  this  value  in  (5),  giving, 

a    F 
On  substituting  the  value  of  tw  =  —  ^=r-, , 

n^  E 1 

^'='^^'[^j¥-f^]. <^) 

wherea,  =  rt(l—  -^)  =  A'  C B  =  A"  H D B  {Fig.  1). 

In  deriving  this  formula  (7),  three  approximations  have  been 
introduced : 

(1)  Neglecting  the  shearing  component  of  P  in  finding  the  formula 
for  p,  (2)  and  (3)  neglecting  the  fourth  and  higher  powers  of  6„  in 
comparison  with  6/  in  equations  (5)  and  (6). 

As  in  the  practical  application  of  (7)  to  deriving  Euler's  formula, 
/will  be  supposed  very  small— as  near  zero  as  we  please;  the  errors 
introduced  will  not  appreciably  alter  the  result. 

This  formula  (7)  is  given  by  Bresse*  in  another  form  and  should  be 
called  Bresse's  formula.  His  derivation  of  (7)  offers  some  objections, 
which  the  writer  has  endeavored  to  remove  in  the  analysis  above.  In 
an  article  on  "Long  Columns,"  in  the  Journal  of  lite  Franklix  J/isli- 
tute,  for  July,  1887,  the  author  gave  Bresse's  original  analysis,  together 

*  Mtcanique  Appliqu£e,  premiere  partie,  p.  372. 
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with  a  discussion  and  the  derivation  of  other  formulas  from  a  different 
standpoint.  It  is  easy  to  clear  away  the  apjjarent  obscurity  in 
Bresse's  analysis,  which  furnishes  the  basis  of  the  preceding  discus- 
sion, but  the  method  adopted  above  is  so  simjile  and  clear  that  it  will 
doubtless  prove  more  satisfactory.  Some  very  important  conclusions 
follow  from  equation  (7). 

The  least  value  of  P  (call  it  P^),  at  which  the  preceding  theory  be- 
gins to  be  applicable,  corresponds  to  /=:  0  and  /  =  1,  corresponding 
to  the  simple  case  of  curvature  given  by  Fig.  1  : 

n'EI 


(8) 

This  is  exactly  the  modified  Euler's  formula  found  by  Mr.Prichard,* 
as  should  be  the  case ;  for  as/ approaches  zero,  the  bent  axis  tends  to 
coincidence  with  the  straight  axis,  so  that  the  usual  approximation 

—  =  -r=-5,  which  involves  this  coincidence  in  part,  should  lead  to  the 
same  formula  as  that  derived  from  (7)  for/  =  0.     For  i  repetitions  of 

the  curvature  shown  bv  Fig.  \,  P  = . 

a  a^ 

As  a,  =  «  (l eT^)  is  very  nearly  equal  to  a;  on  putting  a  for 

a,  in  (8),  the  usual  Euler's  formula  is  found.  Formula  (7)  shows  that 
jPj  is  the  load  at  which  bending  just  begins,  for  i  =  1,  or  the  case  of 
curvature  shown  by  Fig.  1.  This  very  important  fact  is  not  brought 
out  by  the  usual  analysis.  The  superiority  in  the  Bresse  analysis 
over  the  common  one  is  thus  plain,  and  this  gain  in  interpretation  of 
results  is  further  shown  by  aid  of  (7),  in  proving  that  a  very  small  in- 
crease in  P  over  that  given  by  (8)  will  cause  a  sensible  deflection  and 
rupture,  so  that  Euler's  formiila  is  thus  demonstrated  to  give  a  value 
of  the  load  at  which  not  only  bending  just  begins,  but  also,  if  a  very 
small  proportionate  increase  in  the  load  is  made,  rupture  will  occur; 
so  that  Euler's  formula  is  practically  a  formula  for  rupture. 

As  a  numerical  example  take  a  column  composed  of  two  .5-in.  chan- 
nels. ^  =  3.9,  /=  14.8,  a  =  325  (the  inch  being  the  unit),  and  £"  = 
29  000  000  lbs.  per  square  inch. 

From  (8),  placing  a  for  r/j,  P,  =  40  105  lbs. 

Suppose  an  increase  of  load  of  only  5  lbs.  .  • .  P  =  40  110  lbs.  in 
(7),  where  again  place  u^  =  d  approximately,  and  it  is  found  that 
Engineering  News  for  May  6th,  1897,  p.  277. 
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/  =  3.44  ins.  The  increase  of  a  few  pounds  more  would  lead  to  rup- 
ture, so  that  (8)  gives  practically  the  load  corresponding  to  rupture. 

This  can  be  shown  more  generally  in  a  way  suggested,  in  part,  by 
Mr.  Prichard,  who  kindly  gave  the  author  valuable  suggestions  in 
criticising  his  paper  before  publication. 

Call  P.^  a  value  of  P  slightly  greater  than  P,,  as  given  by  (8),  and 
a2  =  arc  A"  H  D  B  ==  A'  C  B  (Fig.  1)  corresponding  to  P.,.  From  (7), 
replacing  a^  by  a^  and  P  by  P,  ^-nd  substituting, 

Pi  —  Px  /  1        Pi  —  Pi\ 

flj  =  «i  —  a     '^  ^      =  «i  (^  1 ea)  ^^''^  nearly. 

■■-^•=^^!('-^^>^^'^^' («) 

r- 16 ^  rji  ^^~^'    ^^  -^n     (9) 

Oo  P 

where  -?  =  1  —  —-^  =  1  nearly. 

As  an  example,  using  the  same  cross-section  of  column  as  above, 
^  =  3.9,  /=  14.8,  ^  =  29  000  000,  P^  =  40  004,  Pj  =  40  000,*  so  that 
P2  —  Pj  =  4  lbs.  only;  from  (9), 

/  =  3  ins.  nearly. 
By  a  well-known  formula,  the  total  maximum  stress  on  the  con- 
cave side  (at  D,  Fig  1),  due  both  to  the  uniform  compression  and  that 

P       P  f  V 
caused  by  flexure,  is,  -^  -| ^ —  =  30  560  lbs.,  so  that  the  limit  of 

elasticity  has  been  slightly  exceeded. 

An  increase  of  load  of  only  4  lbs.  thus  causes  the  maximum  stress 
per  square  inch  to  change  from  P,  -j-  J  =10  260  lbs.  to  30  560  lbs. 
It  is  plain  that  a  few  pounds  more,  say  about  10  lbs. ,  added  to  Pj  = 
40  000,  would  cause  rupture. 

This  shows  that  Euler's  formula  gives,  not  only  the  load  at  which 
bending  just  begins,  but  practically  the  load  at  which  rupture  occurs. 

The  increase  in  /  is  so  rapid  for  a  very  small  addition  to  P,  that 
rupture  may  be  said  to  ensue  for  Pi  as  found  from  (8) ,  or  the  ordinary 
Euler's  formula  where  a,  is  replaced  by  a. 

The  two  conchisions,  first,  that  Euler's  formula  gives  the  load  at 

which  bending  just  begins,  and,  second,  that  a  very  small  increase  to 

*  a,  the  corresponding  length  of  column,  can  be  found  from  (8)  if  desired.  It  is  not 
needed  in  what  follows. 


E- 
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this  load   insures   failure   of  the   column,    have  been  often  assumed 
without  proof.     They  are  here  rigorously  proved. 

For  the  case  of  the  column  "  fixed  at  both  ends,"  the  line  G  B  D 
A"  H(F\g.  3),  will  represent  the  axis,  the  part  B  D  A"  corresponding 
to  the  similarly  marked  part  in  Fig.  1,  and  the  portions  A"  H,  G  B, 
with  vertical  tangents  at  G  and  H,  being  identical  with  D  A"  or  B  D 
inverted.  Arc  E  H  D  G  F  is  a.  portion  of  the  axis  for  pivoted  ends 
where  j  =  3  in  equation  (7) ;  hence,  in  Fig.  3,  P  acts  along  the  chord 
A"  B,  giving  bending  moments  at  H  and  G  sufficient  to  insure  ver- 
tical tangents  there. 

Regarding,  as  before,  a^  =  B  D  A"  and  a  —  length  of  same  before 
compression,  then  for  column  G  D  H  "  fixed  at  ends," 
2a  =  length  of  unstrained  column  =  /, 
2a,  =:  "        strained  "        =  /,,  and 

f  =  C  !>  =  2/. 
In  (7)  on  putting  i  /'  for  /,  |  /  for  a,  and  i  /,  for  a,,  an 
expression  for/'  can  be  found.     The  corresponding  modified 
Euler's  formula  can  be  found  from  this  directly  by  making 
y  =  0,  or  more  simply  from  (8), 

^'-2a.2a,-       II,      ^^"^ 

For  the  column  fixed  at  one  end,  pivoted  at  the  other, 
several  cases  present  themselves.  If  the  upper  end  is  en- 
tirely free  to  move  laterally,  then  D  A"  (Fig.  1)  will 
rej^resent  the  axis  for  no  repetitions  of  the  simplest  case  of 
ourvatiu-e.  Fig.  3. 

Therefore,  from  (8), 

p_jl^_n^AI  Ml) 

i'l'h~   ^^h   

2  2 

where  I  :=  length  of  unstrained  column.  If,  howevei',  the  framing,  of 
which  the  post  constitutes  a  part,  admits  little  lateral  movement  at 
the  top  of  the  post,  the  part  of  the  axis  G  B  D  A",  Fig.  3  (fixed  at  G 
and  free  at  A"),  may  more  closely  approximate  to  the  truth.  From  (8), 
_    9     rr'EI   _  9  tt' E I 

^'-  "433-4  "TTT ^    ' 

•where  I  =  unstrained  length  of  axis; 
/j  =  strained  "         "     " 
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In  case  ^"  is  compelled  to  remain  in  tlie  same  vertical  line  with  G, 

9 
an  investigation,  not  given  here,  "will  show  that  -j  in  the  last  foi-mula 

■will  be  replaced  by  2.05,  which  differs  from  it  but  slightly. 

In  all  of  these  formulas  /,  =  U   1  —  ^r^  )  •      This   value    can   be 

substituted  and  the  resulting  quadratic  solved  for  P,  but  there  is  no 
practical  gain  in  this  more  exact  method.  It  is  always  practically 
exact,  where  l^  is  involved  simply  as  a  factor,  to  let  Z,  =  I,  in  which  case 
the  preceding  formulas  (8),  (10),  (11)  and  (12),  give  the  loads  at  which 
bending  begins  and  failure  speedily  follows. 

If  there  happens  to  be  a  greater  number  of  repetitions  of  the  simple 
curvature  than  that  assumed  above,  then  P,  is  greater.  Pure  theory 
cannot  resolve  this  question,  and  experiment  has  to  be  appealed  to  in 
practice  to  decide  upon  the  most  probable  case  of  curvature  for  the 
different  end  conditions. 

If  /  =  length  of  column,  r  =  radius  of  gyration  of  cross-section 
about  an  axis  projected  in  ^(Fig.  1),  and  if  Z,  =  /approximately,  the 
preceding  formulas  can  be  expressed  by 

Tt^  E  I         Tt'EAr- 
P  =  n  — ^ —  =  n (13) 

or, 

^  =  {nn^E)^{Ly (14) 

where  the  theoretical  values  of  n  generally  adopted  are,  for  both  ends 

9 
pivoted,  w  =  1;  one  end  fixed,  the  other  pivoted,  «  =  — ;  both  ends 

fixed,  n.  =  4,  as  given  above. 

Calling  Sg  the  elastic  limit  of  the  material,  if  (14)  gives  the  unit 

P 

stress  on  the  cross-section  -^  >>  S^,  the  formula  is  inapplicable,  as  it 

was  expressly  assumed  from  the  beginning  that  the  limit  of  elasticity 

was  not  to  be  exceeded. 

I  P 

For  a  value  of  —  in  (14)  which  gives  -j  =  S^,  the  column  will  fail 

(on  a  very  slight  increase  of  P)  by  bending,  and  the  same  is  true  for 

I  I    P 

greater  values  of  — .     For  less  values  of  — ,  -j-^  S^. 

The  limiting  value  of  —,    below   which    (14)    is   inapplicable,    and 
r 
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P 

above  which  it  is  applicable,  is  found  from  (14)  by  putting-^  =  S^, 


I  _      In  ;r'  E 


1M£-  =  .FV^ (15) 


At  aud  above  this  limit,  formula  (14)  gives  the  average  unit  stress 
that  practically  leads  to  failure  by  bending,  on  supposing  lateral 
forces  applied  that  cause  bending  and  then  conceiving  the  forces 
removed.  Of  course,  in  actual  columns,  the  bending  results  from 
crookedness,  lack  of  homogeneity  or  eccentric  application  of  the  load, 
so  that  no  imaginary  force  has  to  be  temporarily  apj^lied  to  start  the 
bending.  Below  the  limit  (15)  two  cases  appear:  one,  for  a  single  aj)- 
plication  of  a  load  causing  immediate  failure,  and,  two,  for  millions 
of  ai^plications  of  a  load  leading  ultimately  to  failure. 

In  the  first  case,  for  short,  ideal  columns,  of  sufficient  length  to 
admit  the  fractured  portions  sliding  freely  ofif,  the  average  unit  stress 
for  faihire  should  correspond  to  the  crushing  strength  of  the  material. 

Plates  XLI  and  XLII  in  the  jiaper  by  T.  H.  Johnson,  M.  Am.  Soc. 
C.  E.,  on  "The  Strength  of  Columns,"  *  illustrate  this  view  in  a  gen- 
eral way.     Here,  the  average  unit  stress  causing  failure  for  a  single 

application  of  a  load  gradually  applied,  for  —  between  10  and  30  va- 
ried for  wrought-iron  columns  with  fixed  ends  from  about  34  000  to 
55  000  lbs.  per  square  inch,  the  average  being  about  45  000. 

Mr.  Johnson  quotes  Mr.  Christie  as  giving  the  modulus  of  rupture 
of  wrought-iron  beams  as  44  800.  As  the  law  connecting  deformation 
with  stress  is  not  know'n,  when  the  stress  exceeds  the  elastic  limit,  no 
formula  for  failure  of  ideal  columns  below  the  limit  (15)  for  a  single 
application  of  the  load  can  be  given.     At  the  limit,  for  the  columns 

P  I  P 

just  mentioned,  -  =  >5,  =  29  000  and  for  -  =  20,  -.  =  45  000  say,  but 

between  these  limits  no  formula  for  failure  can  be  given  with  the  pres- 
ent knowledge  of  the  subject. 

In  the  second  case  cited  above,  for  millions  of  ajsplications  of  a 
load,  if  it  is  assumed  after  Wohler  that  any  load  above  the  elastic 
limit,  repeated  millions  of  times,  will  lead  to  failure,  then 

^  =  S,. (16) 

*  Transactions  Am.  Soc.  C.  E.,  Vol.  xv,  p.  517, 
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will  represent  the  unit  stress  leading  to  failure  after  millions  of  repe- 
titions of  the  load,  when  —  is  less  than  the  value  given  by  (15). 

In  this  case,  if  successive  values  of  —  are  laid  oflf  as  abscissas,  and 

r 

p 

the  corresponding  values  of  -^  as  ordinates,  then  the  theoretical  locus 

for  the  failing  unit  stress  for  the  ideal  column  will  be  the  straight  line 
(16)  for—  varying  from  0  to  the  value  given  by  (15),  after  which  it  co- 
incides with  the  curve  given  by  Euler's  equation. 

The  fact  must  not  be  lost  sight  of  though,  that  a  single  application 

of  the  critical  load  given  by  (14)  leads  to  failure  when  —  exceeds  the 

limit  (15),  while  a  very  great  number  of  applications  of  the  load  given 

by  (16)  is  required  for  failure  for  —  below  the  limit.  The  degree  of 
security  is  thus  not  the  same  for  the  straight  and  curved  portions  of 
the  locus.  The  author  is  not  aware  of  this  distinction  having  been 
noted  before. 

This  completes  what  the  author  has  to  say  about  the  ideal  column. 
The  actual  column  is  purposely  not  touched  on,  as  it  is  first  of  all 
necessary  to  have  clear  and  sound  views  with  reference  to  the  ideal 
column.  This  must  be  the  apology  for  the  rather  long  mathematical 
discussion  which  is  given.  The  value  of/  in  (7)  is  seen  to  lead  to  the 
most  important  practical  conclusions,  which  may  here  be  recapitulated: 

I.  Euler's  formula  is  deduced  from  (7). 

II.  It  follows  from  (7)  that  Euler's  formula  corresponds  to  incipient 
bending  of  the  column. 

in.  By  aid  of  (7)  it  is  shown  that  a  very  small  increase  to  the  load 
given  by  Euler's  formula  will  lead  to  a  considerable  bending  of  the 
column,  and  consequent  failure  from  the  combined  stresses  due  to  the 
uniform  compression  and  flexure. 

rV.  Hence,  practically,  Euler's  formula  gives  the  load  that  causes 

failure  when  —  exceeds  a  certain  limit  given  by  equation  (15). 
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APPENDIX. 

From  the  formula,  x  being  small, 
cos  .r  =  1  —  jr-  + 


2     '   2.3.4       ■ ■ • 
there  results, 

2  (cos  0  —  cos  OJ  =  e,^  —  0^  —  T2  i%*  —  ^*) 

on  neglecting  powers  of  9  higher  than  the  fourth. 
Whence, 

•0.  clQ 


2f 


/o 


92 

lie 


J  0     v/2  cos  9  —  cos  9„ 

=  2 '/o"  (1  +  * ''  +  -• «''  ^57 

as  given  in  equation  (5). 
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CORRESPONDENCE. 


Mr.  Marston.  A.  Marston,  Assoc.  M.  Am.  Soc.  C.  E. — There  has  recently  been  a 
great  deal  of  discussion  relating  to  the  theory  of  the  ideal  column, 
centrally  loaded,  which  has  accomplished  much  in  the  way  of  clearing 
up  ideas  concerning  that  subject,  and  in  making  generally  known  to 
engineers  many  long-established  facts  which  have  heretofore  been  un- 
derstood by  comparatively  few.  In  this  discussion,  however,  the 
writer  has  seen  nothing  relating  to  what  may  be  called  the  theory  of 
the  ideal  cohimn  under  eccentric  loading,  though  this  theory  is  very 
essential  to  a  complete  understanding  of  the  subject  of  the  strength  of 
columns.  In  fact  the  writer  is  not  aware  that  any  correct  analysis  of 
the  theory  of  the  ideal  column  eccentrically  loaded  has  ever  been 
made,  though  it  is  quite  possible  that  this  may  have  been  done.  A 
search  in  such  literature  relating  to  the  subject  as  is  accessible  to  him 
has  indicated  that  the  analysis  usually  given  is  based  on  the  pure 
assumption  that  under  eccentric  loading  the  column  bends  into  a 
parabolic  curve.* 

The  writer  desires  to  present  herewith  an  exact  analysis  of  the 
theory  of  the  ideal  column  with  pivoted  ends  under  eccentric  loading. 
The  mathematical  details  will  be  found  at  the  close  of  his  discussion, 
but  before  giving  the  analysis  the  writer  wishes  to  state  and  discuss 
some  of  its  results. 

First. — The  deflection  at  the  center  of  an  ideal  column  with  pivoted 
ends  eccentrically  loaded  is  given  by  the  formula 


/="[*'■  a'^^^)-^i 


(1) 


while  the  ultimate  strength  of  such  a  column  is  given  by  the  formula 
^  ^'  (2) 


Sec.    (J-  L   fJL) 
\2     r^JAEJ 


In  the  above  formulas: 

W  =  any  load  on  the  column,  not  greater  than  P, 

P  =  the  load  on  the  column  which  makes  the  greatest  stress  in 

the  outer  fiber  equal  to  the  elastic  limit, 
A  =  the  cross-section  of  the  column, 

d  =  the  eccentricity  of  loading, 

V  =  the  distance  from  the  neutral  axis  to  the  outer  fiber, 

I  =  the  length  of  the  column, 

I  =1  the  moment  of  inertia  of  the  column  section, 

r  =  the  radius  of  gyration  of  the  column  section, 
5'g  =  the  elastic  limit  stress  of  the  material, 

*  See  Professor  Cain  in  the  JoMrn«7  of  the  franklin  Institute.  Vol.  124,  p.  130:  also. 
Professor  J.  B.  Johnson  in  Modern  Framed  Structure.i.  p.  144. 
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Mr.  Marston.         E  =  the  modulus  of  elasticity  of  the  material, 
/  =  the  deflection  at  the  center  of  the  column. 
.  See,  also,  Fig.  6. 

Second. — From  equation  (1),  Euler's  formula  can  be  derived  in  a 
way  that  shows  that  if  the  load  on  a  column  equals  that  given  by 
Euler's  formula,  the  slightest  appreciable  eccentricity  of  loading  will 
cause  failure  of  the  column.  This  fact  has  often  been  stated  without 
proof.     To  obtain  the  derivation,  note^that  /  in  (1)  becomes  equal  to 

1   /     /     W~      TC  .       W        it^  E 

infinity  for  ^  f\J ^^fE~~  T'  '*  ^''  "A  ~  /  I  \^'  "^^^^^  ^^  Euler's 

\  r  ) 

formula.     Evidently  for  eccentric  loading  the  stress  in  the  outer  fiber 

W                                        Ti^  E 
will  preach   the    elastic  limit    before  — -  becomes  as  large  as — 


(-)' 


d  V 
For  the  values  of  — —  usually  met  in  practice,  however,  formula  (2) 


,.i! 


gives  results  practically  identical  with  Euler's  formula  for  values  of 

—  greater  than  about  200  (see  Figs.  4  and  5). 

Third. — If  equation  (2)  were  easy  to  solve,  it  would  furnish 
an  excellent  practical  column  formula  to  represent  the  crippling 
strength  of  columns,  for  pivoted  ends  centrally  loaded,  as  shown  by 
actual  tests.     The   term   in    (2)    which  represents   the   effect  of  the 

eccentricity  is   - — Sec.    (  -^ \f  -t-ft)  •     ^^   the   coefficient   of   this 

term  F  may  be  assumed  nearly  proportional  to  r  for  usual  column  sec- 
tions. As  to  (/,  it  may  be  said  that,  no  matter  how  much  care  is  taken, 
it  is  impossible  to  avoid  some  eccentricity  of  loading  in  actual  tests. 
There  will  always  be  in  actual  columns,  also,  some  lack  of  homogeneity 
and  of  straightness  which  will  have  much  the  same  efi'ect  as  eccentri- 
city of  loading.  It  is  evident  that  in  a  given  set  of  tests  in  which  the 
same  care  to  avoid  the  above  defects  is  taken  for  one  test  as  for 
another,  the  value  of  d,  which  will  represent  them,  will  be  larger  for 
large  than  for  small  values  of  r.     It  seems  reasonable  in  fact,  to  assume 

d  V 

that  both  d  and  V  are  proportional  to  r,  which  would   make  —-^  an 

empirical  constant,  to  be  determined  by  actual  experiment. 

That  this  assumption  is  reasonable  may  be  seen  by  examination  of 
Figs.  4  and  5.  In  these  figures  the  writer  has  reproduced  from 
Professor  J.  B.  Johnson's  "  Materials  of  Construction,"  pages  364  and 
365,  the  results  of  Tetmajer's  tests  of  the  strength  of  wrought  iron  and 
of  mild  steel  columns.  This  is  the  most  extensive  series  of  careful 
tests,  by  one  person,  of  columns  with  pivoted  ends,  to  the  results  of 
which  the  writer  has  access.     The  writer  has  fitted  equation  (2)  to  these 
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Mr.  Marston 
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Mr.  Marston.  tests,  and  has  drawn  the  resulting  curves  in  the  figures.  He  has  also, 
for  comparison,  drawn  Euler's  curves  and  Professor  J.  B.  Johnson's 
parabolic  curves  on  the  same  figures. 

It  will  be  seen  that  the  curves  corresponding  to  equation  (2)  cor- 
respond very  closely  to  the  results  of  the  actual  tests.  Equation  (2) 
can  also  readily  be  made  to  fit  the  results  of  column  tests  given  by  T. 
H.  Johnson,  M.  Am.  Soc.  C.  E.,  in  his  paper  on  "  The 
Strength  of  Columns."* 

Although  equation  (2)  comes  nearer  to  being  a 
perfectly  rational  practical  column  formula  than  any 
other  the  writer  has  seen  proposed,  and  although  its 
agreement  with  actual  tests  is  all  that  could  be 
desired,  it  is  nevertheless  so  difficult  to  solve  that  the 
—y  writer  does  not  advocate  its  use.  It  can  only  be 
solved  by  trial  and  the  process  is  tedious.  If  it  were 
desired  to  use  it,  the  proper  way  would  be  to  evaluate 
it  for  all  cases  likely  to  occur  in  practice  and  plat  the 
resulting  curves  on  a  diagram  from  which  all  desired 
values  could  be  read  at  a  glance.  The  labor  required 
for  this  would  not  be  excessive,  but,  even  so,  it  is  un- 
necessary, as  well  as  undesirable,  for  the  following 
reason : 
PQiirth. For  all  values  of  —  likely  to  occur  in  practice,  the  curves 

of  equation  (2)  very  nearly  coincide  with  the  curves  of  Professor  J. 
B.  Johnson's  parabolic  formulas.  These  are  very  simple,  and  the 
writer  advocates  their  use  in  preference  to  all  others.  The  only  dis- 
agreement of  consequence  between  these  formulas  is  for  very  small 

values  of   -,  and  for  such  conditions  there  are  no  tests 
r 

with  pivoted  ends. 

Mathematical  Derivation  of  Equations  [1]  and  [2)  Above.— 
For  notation,  position  of  axes  of  co-ordinates,  etc.,  see 
above,  and  Fig.  6.  In  Fig.  7  the  portion  A  C  of  the 
column  is  shown  as  a  free  body.  Let  3/ be  the  moment  of 
the  stress  couple  at  a     M==W{f+d  —  y).     But  by  the 


Fig. 


common  theory  of  flexure  M=  EI-j-^^ 

M  by  2  (I  y,  and  prefixing  the  sign  of  integration : 

ihAy^^=  2  w  ( 


y  .     Multiplying  both  values  of 


E 


dx^ 


=  2  TF/    {/-I-  d)  dy—  W 


Jo^y^'^ 


.{a) 


whence 


El'Ly~  =1  Wif+d)  y—  Wy- 
d  x^ 


.[b) 


*  Transactions  Am.  Soc.  C.  E.,  Vol.  xv. 
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Solving  {b)  for  dx  and  prefixing  the  sign  of  integration:  Mr.  Marston. 

(c) 


dx  =  SJ-W~Jy2  (f+d)  y-y"-- 
Hence  (see  Johnson's  Calculus,  page  9) : 


_     I  EI 


vers. 


'(jh) '^' 


which  is  the  equation  of  the  elastic  curve  into  which  the  column  bends. 
In  the  usual  analysis  of  columns  under  eccentric  loading  this  curve  is 
assumed  to  be  a  parabolic  arc. 

To  find/,  note  that  for  x  =  —y  I,  y  =z/.     Hence 


2 
whence 

/ 


,  =  vers, 
f+  d 


i^'m^-ijU'S) (/) 

/=<'K-2  7V^)-0 «*>=•»■ 

The  total  stress  in  the  outer  fiber  on  the  concave  side  at  the  middle 

of  the  column  will,  by  the  common  theory  of  flexure,  be    equal  to 

W  W  (  f  4-  d)   V 

_(_        w  -t-  »;   y^     ^j^g^    jyr  ^   p^   ^j^g    crippling  load    on   the 

A  J. 

column,  the  stress  in  the  outer  fiber  becomes  equal  to  S^.,  the  elastic 
limit  stress  of  the  material. 
Hence 

P^+Lif+J^^s, (,, 

P  I  ^"'^-"■(ivV-^)^., (i, 

—  =  ^ =^^^     (2)Q.E.  D. 

^        +rfjr        /  ^^i   ,    p    \ 

r^     '^'''    \2    r\l   AE  / 

Since  the  above  was  prepared  the  writer  has  accidentally  learned 
that  Mr.  Carl  G.  L.  Barth,  of  Scranton,  Pa.,  has  made  a  rigid  analysis 
of  columns  eccentrically  loaded.  The  writer,  having  addressed  a 
letter  of  inquiry  to  Mr.  Barth,  learns  that  this  analysis  leads  to  the 
same  formulas  as  the  writer's.  Mr.  Barth's  results  have  never  been 
published,  but  in  part  were  presented  orally  to  the  Engineers'  Club  of 
St.  Louis,  on  May  5th,  1897.  It  is  quite  probable  that  others  may 
have  worked  out  the  same  formulas. 
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Mr.  Johnson.  J.  B.  JoHNSOK,  M.  Am.  Soc.  C.  E. — The  author  is  to  be  congratu- 
lated on  his  very  clear  and  concise  review  and  amplification  of  Euler's 
formula  for  ideal  long  columns.  As  a  purely  mathematical  discussion 
it  is  comjilete  and  entirely  satisfactory.  The  danger  is  always  immi- 
nent, however,  that  this,  the  only  i^urely  theoretical  column  formula 
which  is  true  in  practice  should  come  into  practical  use.  The  fact  is, 
it  api^lies  only  to  such  great  lengths  that  it  can  very  seldom  be  em- 
ployed in  any  kind  of  actual  designing,  and  it  is  therefore  of  little  or 
no  practical  value.  On  the  other  hand,  it  is  commonly  found  in  works 
on  physics,  in  engineers'  hand-books,  and  sometimes  in  treatises  on 
framed  structures,  without  the  necessary  warnings  as  to  its  length  lim- 
itations. Thus  it  is  ignorantly  used  for  lengths  far  without  its  joroper 
field,  when  it  leads  to  extravagantly  high  and  dangerous  working 
stresses  with  any  ordinary  factor  of  safety.  As  a  working  formula, 
therefore,  it  has  little  or  no  value. 

The  author  also  calls  attention  to  the  greater  degree  of  security 
obtained  for  those  lengths  to  which  Euler's  formula  applies,  than 
would  be  found  for  shorter  columns,  even  when  an  empirical  formula 
is  used  for  these.  This  subject  has  also  been  considered  by  the  writer 
in  the  last  (sixth)  edition  of  Modem  Framed  Structures  (1897),  where 
twice  as  great  a  factor  of  safety  is  employed  for  the  shorter,  or  ordi- 
nary, lengths  as  is  used  for  the  very  great  lengths  to  which  Euler's 
formula  applies,  his  attention  having  been  first  called  to  the  rational 
necessity  of  this  by  Mr.  Carl  G.  L.  Barth.  For  the  more  ready  appli- 
cation of  these  new  formulas,  diagrams  have  been  prepared  and  pub- 
lished in  this  last  edition  of  the  work  cited  above,  from  which  working 
stresses  can  be  found  at  once  for  any  end  condition,  and  for  all  values 

of  — ;-  up  to  300,  and  for  materials  having  elastic  limits  from  30  000  to 

50  000  lbs.  i^er  square  inch.  Such  diagrams  could,  of  course,  be  pre- 
pared for  any  formula  or  set  of  formulas,  and,  when  so  prepared,  they 
save  a  vast  amount  of  work  in  computing  the  cross-sections  of 
columns  in  actual  designing. 

When  the  elastic  limit  of  the  material  is  regarded  as  the  ultimate 
strength  of  very  short  columns,  a  factor  of  safety  of  4  applied  to 
this  ultimate  is  certainly  very  safe.  This  factor  of  safety  may  be 
divided  into  two  factors  of  two  each,  when  one  of  these  may  be  re- 
garded as  a  factor  to  provide  for  greater  loads  than  those  assumed  and 
the  other  to  provide  for  weaker  columns  than  those  assumed.  That 
is  to  say,  provision  would  then  have  been  made  for  loads  twice  as 
large  as  those  assumed  and  for  striictural  members  half  as  strong  as 
those  assumed.  This  would  be  the  case  for  the  shorter  columns, 
which  are  those  of  ordinary  engineering  and  architectural  practice. 
For  the  very  long  columns,  the  ultimate  strength  of  which  is  solely  a 
function  of  their  stiffness  and  not  at  all  a  function  of  their  strength,  or 
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of  the  elastic  limit  of  tho  material,  and  for -which  lengths  only  the  Euler  Mr.  Johnson, 
formula  applies,  it  is  only  necessary  to  provide  against  an  excess  of 
loading,  as  the  fiber  stresses  are  always  very  low  and  far  within  the 
elastic  limits.  Here  a  factor  of  safety  of  something  over  2  on  the 
elastic  limit  is  (piite  sufficient.  In  the  writer's  new  formulas  the 
factor  of  safety   on  the  elastic  limit  gradually   reduces  from  4,   for 

—  =  zero,  to  2 for  —  =  infinity.     These  formulas  are  as  follows: 
r  r  '' 

f 

(1) 


For  pivotal  ends  :/)  =  .U    „         /  —  P    T   ^  ~1^ 

1^+  10  i^  L~J  J 

For  pin  ends:       p  ^)\  f  —  p    f   ^  "iM 

For  flat  ends:       i?  =  J     „    ,    f  —  p  r   I  -r" 

"L^  +  -25:^L~J  J 


/ 

(2) 


/ 

(3) 


Where  p  =  working  stress  in  lbs.  per  square  inch, 

/  =  elastic  limit  (commercial)  of  the  material, 

E  =  modulus  of  elasticity, 

I   =  length  of  column, 

r  =  least  radius  of  gyration  of  column. 

These  formulas  come  directly  from  the  writer's  "  rational "  for- 
mula,* which  are  applicable  to  all  lengths,  and  to  eccentric  loads.  It 
is  only  by  assuming  the  load  to  act  eccentrically  that  a  rational  for- 
mula can  be  found  for  the  ordinary  leng"ths,  or  for  those  shorter  than 
the  limiting  length  to  which  the  Euler  formula  applies. 

In  the  above  formulas   it  will  be  noted  that  the  factor  2  inside 

the  parentheses  has  its  full  effect  when  — -  =  0,  and  becomes  of  less 

and  less  effect  as  —  increases,  and  is  relatively  zero,  for  —  =  infin- 

ity.     Hence  the  factor  of  safety  here  is  4  for  very  short  and  nearly 
reduces  to  2  for  very  long  columns. 

Henky  S.  Prichard,  M.  Am.  Soc.  C.  E. — The  writer  has  been  much  Mr.  Pnchard. 
interested  in  the  author's  analysis,  and  has  carefully  examined  and 
verified  each  step  by  which  his  equation  (7)  is  obtained. 

The  author's  analysis  and  that  of  Bresse,  to  which  he  refers,  differ 
from  any  others,  of  which  the  writer  has  knowledge,  in  starting  with 
the  correct  general  expression  for  the  radiiis  of  curvature,  instead  of 
the  close  approximation  which  ordinarily  serves  as  the  basis  of  inves- 
tigations involving  deflection. 

*  Eq.  (1)  p.  144,  Modern  Framed  Structures. 
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Mr.  Pnchard.  The  use  of  the  usual  approximate  instead  of  the  accurate  expres- 
sion for  the  radius  of  curvature  greatly  simplifies  analysis,  and  it  is 
universally  recognized  that  "for  ajiplication  to  beams,  subject  to 
transverse  loading,  the  loss  in  accuracy  from  the  use  of  the  approx- 
imation is  very  slight  if  the  deflection  is  quite  small,  as  compared  with 
the  length  between  supports,  as  it  is  in  nearly  all  cases  which  can 
occur  in  practice.  Hence  all  the  text  and  reference  books  in  treat- 
ing of  flexure  use  the  apjjroximate  instead  of  the  accurate  general  ex- 
pression. 

Euler  obtained  his  famous  formula  for  columns  by  starting  with 
the  approximate  general  expression  for  curvature  and  equating  it 
with  the  expression  for  curvature  in  terms  of  the  moment  of  inertia, 
modulus  of  elasticity  and  bending  moment;  the  bending  moment  being 
the  product  of  the  load  on  the  column  into  the  deflection. 

As  it  is  a  matter  of  common  experience  that  columns  begin  to 
sensibly  deflect  under  loads  much  lighter  than  those  causing  failure, 
and  that  the  deflection  increases  as  the  load  increases,  in  a  way  which 
indicates  a  connection  between  the  load  and  the  amount  of  the  deflec- 
tion, it  seems  natural  to  expect  that  a  formula  for  columns  will  either 
involve  the  deflection  directly,  or  indirectly,  by  substituting  for  the 
deflection  its  value  in  terms  of  the  intensity  of  the  extreme  fiber  stress, 
modulus  of  elasticity  and  properties  of  the  cross-section.  Neverthe- 
less, although  Euler  obtained  his  formula  by  assuming  deflection,  it 
is  independent  of  both  the  amount  of  the  deflection  and  the  intensity 
of  the  extreme  fiber  stress,  as  the  deflection  drops  out  in  the  latter  part 
of  the  analysis  by  which  the  formula  is  obtained. 

This  fact  has  led  to  considerable  misunderstanding  and  discussion 
regarding  the  significance  of  the  formula,  some  contending  that  it  is 
simply  a  formula  for  incipient  bending,  and  others  that  it  is  a  failure 
formula.  As  the  results  which  it  gives,  when  viewed  as  failure  loads, 
are  absurdly  high  for  short  columns,  and  as  they  are  not  a  function  of 
the  allowed  intensity  of  stress,  it  has  been  thought  by  some  analysts 
that  in  the  derivation  of  the  formula  compressive  stresses  have  been 
neglected,  and  numerous  attemjjts  have  been  made  to  correct  this  siap- 
posed  deficiency. 

To  the  great  majority  of  engineers  the  formula  has  been  an  enigma. 
Its  correct  significance,  as  given  by  the  author,  has  been  understood 
by  some  and  published  from  time  to  time,  but  the  reasons  advanced 
for  their  understanding  have  failed  to  be  entirely  convincing. 

The  author,  by  using  the  correct  general  expression  for  the  radius  of 
curvature,  has  deduced  a  formula  in  which  the  deflection  has  not 
dropped  out,  except  for  incipient  bending,  and,  by  applying  it  to  a  fairly 
typical  example  and  obtaining  numerical  results,  has  made  it  very  evi- 
dent that  Euler's  formula,  with  a  very  slight  modification,  gives  the 
load  at  which  a  column,  under  ideal  conditions,  begins  to  bend  if  dis- 
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turbed,  and  that  under  practically  the  same  load  the  column  will  con-  Mr.  Prichard. 
tinue  bending  until  it  fails. 

It  thus  furnishes  a  key  to  the  interpretation  of  Euler's  formula, 
and  it  is  for  this  reason,  rather  than  for  the  magnitude  of  the  gain  in 
accuracy  over  analyses  which  start  Avith  the  approximate  expression 
aforesaid,  that  his  analysis  is  valuable. 

In  the  example  given  by  the  author  the  niimerical  error  which 
would  result  from  the  use  of  the  apiiroximate  expression  for  curvature 
is  astonishingly  small,  being  less  than  5  lbs.  in  40  000. 

Although  the  author  contines  his  analysis  to  the  behavior  of 
columns  under  ideal  conditions,  and  althoiigh  the  conclusions  reached 
can  be  only  even  approximately  realized  in  the  most  careful  experi- 
ments, and  are  seemingly  contradicted  by  common  experience,  never- 
theless the  cause  of  accurate  knowledge  regarding  columns  as  they  are 
used  in  practice  may  be  greatly  furthered  by  considering  this  seeming 
contradiction  in  connection  with  the  rigid  character  of  his  analysis. 

Such  a  consideration  must  inevitably  lead  to  the  conclusion  that  it 
is  in  the  differences  between  the  conditions  actually  existing  and  the 
ideal  ones  assumed,  and  not  in  any  error  or  omission  in  the  develop- 
ment of  the  theory  from  the  assumed  conditions,  that  the  explanation 
is  to  be  found  of  the  seeming  contradiction  between  the  theoretical 
conclusions  and  the  facts  as  to  behavior  of  columns  in  practice. 
When  engineers,  instead  of  attempting  the  inherently  impossible  task 
of  accounting  for  the  behavior  of  actual  columns  under  the  assump- 
tion of  purely  ideal  conditions,  modify  their  assumptions  so  as  to  take 
into  account  the  bending  moment  which,  on  account  of  kinks  and 
bends  in  the  axis,  eccentric  and  transverse  application  of  loads,  non- 
homogeneity  of  material,  etc.,  exists  from  the  start,  to  a  greater  or  less 
extent  in  every  column,  they  will  arrive  at  a  correct  understanding  of 
the  matter,  and  will  find  that  the  behavior  of  columns,  which  from  a 
superficial  consideration  seems  erratic  and  inexplicable,  furnishes 
one  of  the  strongest  experimental  proofs  of  the  substantial  accuracy 
of  the  theory  of  flexure. 

Wm.  Cain,  M.  Am.  Soc.  C.  E. — The  aim  of  this  discussion  of  "  The  Mr.  Cain. 
Ideal  Column "  has  been  clearly  appreciated  and  stated  by  Mr. 
Prichard,  and  it  is  to  be  hoped  that  it  will  remove  many  difficulties 
that  some  have  found  in  the  usual  treatment  of  the  subject;  and  it 
may  be  emphasized  here  that  "the  uniform  comjjression  "  has  been 
included  and,  further,  it  has  been  found  that  a  very  few  pounds  over 
the  load  given  by  Euler's   formula  will  not  simply  lead  to  a  little 

harmless  bending  for  very  long  columns  [where  —  is  greater  than  the 

limit  given  by  (15)],  but  will  cause  crippling  by  dii'ect  compression  on 
the  concave  side,  precisely  as  in  the  case  of  shorter  columns  to  which 
Euler's  formula  does  not  apply. 
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Mr.  Cain.  Professor  Johnson  has  sounded  a  note  of  caution  as  to  the  im- 
proper use  of  this  formula  by  some  authors,  for  cases  to  which  it  is 
inapplicable,  and  states  that  it  applies  only  to  such  great  lengths  that 
it  can  rarely  be  used  as  a  working  formula,  all  of  which  is  very  true. 

The  author  has  great  respect  for  the  formulas  of  Professor 
Johnson,   but   an  objection  can  be   urged  to  giving  different  safety 

factors,  varying  from  4  to   2   as  —  varies  from  0  to   a ;    for  suppose 

the  very  long  column  to  be  designed  with  a  factor  of  safety  2,  and 
the  short  column  with  the  factor  4,  and  that  in  the  course  of  time  the 
loads  have  doubled  (such  cases  have  occurred),  then  the  very  long 
■column  has  attained  its  crippling  load,  but  the  short  column  still  has 
a  factor  of  safety  of  2  and  perhaps  more,  if  the  original  factor  referred 

to  the  elastic  limit  of  the  material  for  —  =  0  in  place  of  the  so-called 

T 

crushing  strength  for  a  single  application  of  the  load.  This  point  is 
clearly  brought  out  in  the  original  paper. 

The  author  is  gratified  that  Mr.  Marston  has  given  in  his  discus- 
sion the  theory  for  the  "  Ideal  Column "  eccentrically  loaded.  It 
completes  the  subject.  It  has  been  shown  that  using  the  correct 
value    for  the  radius    of   curvature,    essentially   the    same    formiila 

c?"  ?/ 
(Euler's)  is  deduced  as  when  the  usual  approximation,  1  -f-  -y-^,    is 

used.  Mr.  Marston  uses  the  latter  value  ;  his  results  are  essentially 
exact  and  are  deduced  in  the  simplest  manner. 

The  resulting  formula  (1)  is  to  be  found  in  Bresse''  and  else- 
where, but  no  one  has  hitherto  constructed  the  diagrams  (Figs.  4 
and  5),  which  are  very  interesting  and  instructive,  as  only  one  approxi- 

d  V 
mation  has  been  introduced,  namely,  placing  — ^  equal  to  a  constant. 

The  author  has  discussed  the  objection  that  might  be  urged  to  this,! 
as  it  leads  to  different  values  of  <l  in  terms  of  the  depth  of  column,  for 
different  shapes,  the  depth  being  taken  in  the  direction  of  the  sup- 
posed bending. 

,/  F 
Thus,  for  — ^  =  0.2,  on  substituting  known  values  of  Fand  ?•,  it  is 

found  that  for  rectangular  sections,  d  =  ^  depth;  for  solid  cylindrical 

columns,  d  =  —-  diameter;  for  thin,  hollow  cylinders,  (Z  =  —    diame- 
40  ^^ 

ter;  for  thin,  hollow  square  columns,  r/ =  ^c  depth,  and  for  two  chan- 
nels connected  by  latticing  which  give  way  in  the  direction  of  the 

*  Micanique  Appliquee,  premiere  partie,  p.  :^84. 
t  Journal  of  the  Franklin  Institute,  July,  1887. 
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1  d  V 

latticing,  r/  =r-^  depth  of  latticing,  ai^proximately.    If  —^  =  0.07,  the  Mr.  Cain. 

results  are  0.35  of  the  above.  Strictly,  a  separate  formula  for  each 
shape  woiild  alone  meet  the  objection,  biit  when  it  is  remembered  that, 
for  the  actual  column,  crookedness  and  lack  of  homogeneity  have  to  be 
considered,  as  well  as  eccentricity  of  the  load,  and  that  the  formula 
can  only  regard  all  of  these  abnormalities  under  the  one  head  of  eccen- 
tricity, which  is,  moreover,  taken  as  very  small,  the  objection  loses 
much  of  its  weight,  as  evidently  only  a  rough  average  can  be  obtained 
in  any  case.  The  line  of  force  likewise  which  has  been  assumed  to  act 
parallel  to  the  axis  can  just  as  well  be  taken  as  inclined  to  it  or  even 
crossing  it.  Considering  all  of  these  abnormalities,  it  is  really  re- 
markable that  the  formula  fits  the  experiments  so  well. 

An  attempt  can  be  made  to  simplify  Mr.  Marston's  formula  (2)  by 
placing 

'~W~ 


---    f 


A  E 

and  developing  .sec  6  into  a  series.  Thus  changing  P  to  TFand  Sg  to 
S  =  total  unit  fiber  stress  on  [concave  side  of  column  at  mid-length, 
(2)  becomes 

: (17) 


^    r'^    V     ^    2    ^  24      ^ 


5 
A  trial  was  made  to  see  if  -ttt  ^*  and  following  terms  could  be  omit- 
24 

ted  without  materially  impairing  accuracy  when  —  was  less  than,  say, 

150,  but  the  result  was  disappointing.     Thus,  neglecting  6^  etc.,  and 

W 

solving  the  resulting  quadratic  [see  (18)  below]  for  — ,  it  is  found  that 

Mr.  Marston's  (2),  on  replacing  P  by  TTand  S^  by  S,  agrees  with  the 
approximate  value  very  closely  for  small  values  of  S  and  — .    Thus  for 

^=0.07,  -  =  50,  -S=  7  000; -  =  100,  ^  =  5  000;  -  =  50,8  =  10  000, 
r-  r  r  r 

the  results  are  practically  the  same;  but  for  —  =  100,  -S  =  10  000  lbs. 

per  square  inch,  the  approximate  method  gave  about  14%  excess  over 
the  exact  formula,  so  that  it  was  rejected,  even  for  the  working  values 
of  )S' assumed;  all  the  more  as  iS  approaches  S^  in  magnitude. 

One  matter  of  interest  was  evolved  from  (17),  however,  on  neg- 
lecting 0*  and  replacing  O'  bv  its  value  above,  giving 

i^  _  S 

A~        dV         1      WdV  I- ^     ' 

^^   r-   ^  ^  E    A  r'     r' 
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Mr.  Cain  When/,  the  deflection  at  the  center  clue  to  flexure  only,  is  very 
small  compared  with  d  (Fig.  6),  which  obtains  for  short  columns,  the 
unit  stress  on  the  concave  side  due  to  flexure  only  is 

W{f+d)  V      Wd  V 
P-2  = J  =  -^^^  nearly. 

On  substituting  this  value  in  (18),  there  is  found  the  identical 
formula  [see  (19)  belowj  given  by  the  author  *  when  adapted  to  the 
case  of  the  column  pivoted  at  the  ends. 

This  formula  was  very  simply  deduced  by  assuming  the  neutral 

axis  to  be  a  parabolic  curve,  and  it  is  seen  to  be  correct  when  —  is 

?• 

small.  The  parabola  was  selected  for  the  eccentric  loading  because 
the  curvature  is  not  zero  at  the  ends  of  the  column  as  is  the  case  with 
the  sinusoid  or  the  elastic  curve  for  a  simple  beam  transversely 
loaded.  The  factor  8  in  (18)  is  thus  seen  to  be  a  more  correct  value 
than  the  factor  10,  sometimes  given. 

The  formula  for  a  column  of  length  /  pivoted  at  the  ends,  is  de- 
rived as  follows : 

For   an   assumed  parabolic  neutral  axis,  the  radius   of  curvature 

at  the  center  p  =  ^--. ;    also  p  =  — ^  [see   Merriman's    Mechanics   of 
o  /  P" 

Materials,  p.  70].  Equating  and  substituting  the  derived  value  of 
/in 

^-A+^'^-aV-  +  r^ J' 

where  (S  is  the  total  fiber  unit  stress  on  the  concave  side  of  the  column 
at  mid-length,  there  obtains, 
W_ S 

^"~l     ,    ^LZj^Pli^ (19) 

"^    r2  "'"8A>2 


(kk\  yy 

S j-\,   valvies   of  -j-  can  be  found,  either  by  trial 

W 
by  solving  the  resulting  quadratic  in  -j-. 
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CAN    BUILDINGS    BE    MADE    FIRE-PROOF? 


By  CoRYDON  T.  PuKDY,  M.  Am.  Soc.  C.  E. 
Peesented  November  3d,  1897. 


WITH  DISCUSSION. 

One  of  the  most  destructive  fires  of  this  year  occurred  in  Pittsburg  on 
the  morning  of  May  3d,  the  total  loss  being  about  S2  500  000.  Three- 
buildings,  which  were  generally  regarded  as  fire-proof  structures,  and 
were  supposed  to  be  constructed  according  to  the  most  modern 
methods,  were  partially  burned,  and  the  contents  of  two  of  them 
were  entirely  destroyed.  This  circumstance  has  aroused  an  unusual 
interest  among  all  those  engaged  in  the  construction  of  such  build- 
ings. Very  much  has  been  written  by  the  technical  press,  both  of 
the  fire  and  of  the  lessons  which  the  writers  would  draw  from  it. 
The  loss  in  these  particular  buildings  has  also  tended  strongly  to 
condemn  all  buildings  of  their  class  in  the  public  mind,  so  that 
even  among  men  who  know  most  about  building  construction  the 
question  whether  buildings  can  really  be  built  fire-proof  or  not  is 
pertinent. 

The  purpose  of  this  paper  is  to  relate  in  brief  the  incident  of  the 
fire,  to  describe  the  important  characteristics  of  the  construction,  and 
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to  i)oint  out  tlie  lessons  which  are  taught.  Much  has  already  been 
well  said,  while  some  things  have  been  written  that  are  not  true,  and 
some  important  points  are  not  yet  brought  out.  It  is  hoped  that  this 
paper  and  its  discussion  by  the  Society  will  correct  any  wrong  im- 
pressions of  the  fire,  and  bring  out  clearly  every  point  which  can 
be  of  advantage  to  engineers  or  architects. 

The  author  has  endeavored  to  avail  himself  of  every  opportunity  to 
obtain  definite  and  reliable  information  as  to  the  construction  of  the 
buildings  and  the  circumstances  of  the  fire,  making  for  the  purpose 
a  personal  examination  of  the  ruins. 

It  is  one  of  a  very  few  fires  which  have  burned  fiercely  in  buildings 
of  modern  construction,  and,  while  it  is  not  as  good  a  test  of  some 
conditions  as  other  fires  have  been,  notably  so,  the  burning  of  the 
Athletic  Club  Building  in  Chicago,  it  is  of  greater  interest,  because  it 
concerns  difi"erent  methods  of  construction  and  several  forms  of  fire- 
proofing  materials.  Practically  everything  that  was  combustible  in 
the  Home  Store  Building  was  burned,  and  the  steel  frame  on  one  side 
was  badly  wrecked.  The  contents  of  the  Home  Office  Building  were 
also  consumed,  as  was  most  of  the  woodwork  in  the  construction  of 
the  building.  The  fire  in  the  Methodist  Building  was  mostly  con- 
fined to  the  three  upper  floors,  where  the  contents  and  much  of  the 
wood  finish  were  burned.  These  are  the  so-called  fireproof  buildings. 
The  Jenkins  Building,  where  the  fire  first  started,  and  several  smaller 
ones  were  entirely  consumed.  The  lessons  of  the  fire  are,  therefore, 
confined  to  the  two  Home  Buildings  and  the  Methodist  Building. 

The  location  of  these  buildings  and  their  relations  to  each  other 
are  shown  on  the  map  of  the  fire  district.  Fig.  1. 

The  Home  Store  Building  was  built  in  1893.  It  is  six  stories  high, 
without  partitions,  and  with  an  opening  in  the  center  22  ft.  wide  and 
50  ft.  long,  extending  from  the  first  floor  to  the  top  story,  surrounded 
on  each  floor  by  an  iron  balustrade.  There  were  also  four  passenger 
elevators  on  one  side  of  the  building,  with  a  grand  staircase  between 
them.  The  opening  in  the  floor  made  by  these  passenger  elevators 
and  by  the  staircase  taken  together  was  almost  as  large  as  the  opening 
in  the  center  of  the  building.  Their  location  is  shown  on  Fig.  1,  and 
more  particularly  on  Figs.  3,  4,  5  and  6.  Undoubtedly,  these  vertical 
openings  jiroduced  a  draft,  fed  from  every  broken  Avindow,  which 
intensified  the  heat  of  the  fire  and  its  destructive  effects  manifold. 
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The  entire  building  was  occupied  by  Home's  retail  dry  goods  store. 
The  windows  on  Penn  Avenue  are  as  large  as  it  was  possible  to  make 
them,  and  they  were  entirely  unprotected,  either  by  shutters  or  sprin- 
klers. All  the  floors  and  the  east  and  west  walls  were  supi^orted  by 
steel  columns  made  of  Z-bars  and  plates,  the  same,  or  aj^proximately 
the  same,  as  the  Carnegie  "Standard."  The  arrangement  of  these 
columns  and  of  the  girders  and  beams  which  support  the  floors  is 
shown  in  Figs.  2,  3,  4,  5,  6  and  7. 

The  framework  of  the  building  was  very  heavy.  These  figures  show 
the  beams  and  girders  which  remained  in  place  after  the  fire.  The 
interior  girders  were  24  ins.  deep,  with  double  22-in.  web  plates,  3x3- 
in.  flange  angles  and  15-in.  cover  plates.  The  beams  were  all  15  ins. 
deep,  carried  on  brackets  riveted  to  the  side  of  the  box  girders. 
These  beams  were  not  connected  to  the  girders  at  all  through  the  toi> 
flange  or  web,  and  by  only  two  rivets  through  the  bottom  flange.  The 
girders  were  fastened  to  the  columns  by  two  rivets  in  the  bottom 
flange  and  two  rivets  in  the  top  flange.  The  detail  of  these  connec- 
tions is  shown  in  Fig.  8.  The  wall  girders  along  Fifth  Street  were 
20  ins.  deep,  with  3x  6-in.  flange  angles  and  7-in.  cover  plates.  These 
girders  carried  the  wall  from  floor  to  floor,  and  were  completely  cov- 
ered by  the  brick  masonry  on  the  second,  fifth  and  sixth  floors.  On 
the  third  and  fourth  floors  they  were,  however,  somewhat  exposed  on 
the  inside  to  the  action  of  the  fire. 

The  east  or  party  wall,  shown  with  the  west  wall  in  Fig.  9,  was  also 
carried  from  floor  to  floor  on  the  girders,  but  the  front  wall  was  self- 
supporting  the  entire  height  of  the  building,  and  the  rear  wall  was 
nearly  so.  The  horizontal  parts  of  the  front  wall  at  the  floor  lines  be- 
tween the  windows  were  carried  on  iron  lintels  resting  on  the  piers, 
and  not  fastened  to  the  steel  frame.  These  lintels  on  most  floors  were 
close  to  the  windows  and  exposed  to  the  action  of  the  fire.  In  the 
fourth  story  they  were  partially  i^rotected  by  a  course  of  terra  cotta^ 
but  the  latter  was  fastened  in  place  by  iron  anchor  bolts  which  passed 
through  the  terra  cotta  so  as  to  be  themselves  exposed.  Fig.  10  shows 
two  sections  through  the  rear  wall,  a  part  of  which  was  supported  on 
iron  at  the  second  floor.  This  is  shown  by  a  dotted  line  in  Fig.  1. 
The  ceiling  in  the  sixth  story  was  suspended  from  the  roof  beams.  It 
was  composed  of  1^  x  li-in.  Tf-bars,  spaced  about  12  ins.  apart,  carry- 
ing a  solid  tile  about  li  ins.  thick. 
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The  street  walls  were  faced  with  pressed  brick  and  terra  cotta 
trimmings  above  the  second  floor.  Below  the  second  floor  these  walls 
were  finished  with  Indiana  limestone.  The  cornice  at  the  roof  level 
was  made  of  copper,  supported  on  wooden  outriggers.  The  sidewalk 
was  made  of  stone,  resting  on  steel  beams. 

All  the  fire-proofing  in  the  building  was  made  of  hard-burned  ma- 
terial. The  floor  arches  were  9  ins.  deep,  supported  at  each  side  by 
skewbacks  especially  designed  to  cover  the  entire  side  of  the  beam, 
and  the  joint  between  the  arch  proper  and  the  skewback  was  made  so 
that  the  top  of  the  arch  was  flush  with  the  top  of  the  beam.  The  walls 
of  all  of  this  material  were  about  f  in.  thick,  and  the  sections  of  the 
arches  were  of  the  old  style  side  construction.  The  columns  were  cov- 
ered with  tile  2  ins.  thick,  having  one  hollow  space  and  walls  ^  in. 
thick.  All  of  this  material  was  Avell  erected.  The  floor  sleepers, 
spaced  about  14  ins.  ajDart,  were  bedded  in  cinder  concrete  which 
covered  the  arches  4  ins.  in  depth,  and  the  floor  was  finished  with  hard 
pine.     This  construction  is  shown  in  Fig.  11. 

The  first  fire  alarm  was  a  little  before  midnight  on  the  night  of  May 
2d.  The  Jenkins  Building  was  occupied  by  the  Jenkins  Wholesale 
Grocery  Company,  which  carried  a  very  heavy  stock  of  oils  and  other 
things  which  were  extremely  inflammable;  moreover  the  interior  of 
the  building  was  constructed  entirely  of  wood.  An  efi"ort  was  first 
made  to  save  this  building,  but  as  soon  as  it  was  determined  that  it 
would  be  impossible,  the  attention  of  the  firemen  on  Penn  Avenue  was 
directed  to  the  Home  Buildings,  and  they  started  to  carry  hose  to  the 
roof  of  the  Office  Building.  Before  this  could  be  done,  however,  the 
entire  front  of  the  Jenkins  Building  on  Penn  Avenue  fell  into  the 
street.  The  fire  was  pushed,  as  it  were,  into  the  street.  Its  flames 
leaped  entirely  across  to  the  fronts  of  the  Home  Buildings,  consum- 
ing some  of  the  apparatus  of  the  Fire  Department,  cracking  and  melt- 
ing the  glass  in  the  windows,  and  setting  fire  to  everything  that  could 
be  consumed  in  these  buildings  adjacent  to  the  Avindows.  With  a 
suddenness  that  can  scarcely  be  conceived,  the  entire  contents  of  the 
Home  Store  Building  were  on  fire,  and  in  less  than  half  an  hour  they 
were  entirely  consumed.  On  the  four  upper  floors  scarcely  a  vestige 
of  woodwork  of  any  kind  was  left  in  the  building,  and  on  the  two  lower 
floors  it  was  almost  as  bad. 

The  tank  on  the  roof  fell  to  the  first  story  and  carried  with  it  a 
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large  section  of  the  steel  construction,  bending,  tearing  and  breaking 
tlie  adjacent  columns  and  beams  and  pushing  out  the  adjoining  wall. 
The  front  of  the  Jenkins  Building  fell  about  1  o'clock.  Practically  no 
water  was  thrown  into  either  of  the  Home  Buildings  until  the  fire  in 
those  buildings  had  silent  itself.  By  3  o'clock  the  firemen  were  able 
to  get  into  the  Store  Building  and  throw  water  on  the  vaults.  The 
face  brick  on  Penn  Avenue  on  both  the  Home  Buildings  endured  the 
fire  well  and  was  injured  but  little.  The  cut  stone  and  terra  cotta, 
however,  were  both  very  badly  cracked  and  flaked  off  by  the  heat,  and 
on  this  account  the  entire  front  wall  had  to  be  taken  down,  that 
which  stood  the  fire  well,  together  with  that  which  did  not.  It  would 
be  interesting  to  know  how  much  of  this  injury  to  the  terra  cotta  was 
due  to  the  water  being  thrown  upon  it  while  it  was  hot,  but  it  is  im- 
possible to  get  any  information  on  this  point  that  would  be  conclusive. 

Some  of  the  exterior  lintels,  where  the  span  was  long  and  the  iron 
not  very  heavy,  were  bent  so  that  they  cannot  be  used  again.  The  light 
T-bar  framing  for  the  suspended  ceiling  in  the  sixth  story  was  bent 
and  warped  by  the  heat  so  that  it  will  have  to  be  taken  out.  Some 
of  the  lighter  framing  around  the  opening  in  the  middle  of  the  build- 
ing was  also  injured.  All  the  beams  marked  on  the  plans  with  a  cross 
need  straightening  or  fixing  in  some  way  before  they  are  used  again, 
while  the  beams  and  girders  completely  destroyed,  and  omitted  from 
the  framing  plans,  will  of  course  have  to  be  of  new  material.  This 
data  is  reproduced  from  the  report  of  the  engineers  appointed  by  the 
adjusters  to  examine  the  buildings  and  decide  upon  the  exact  loss. 
From  the  basis  of  this  report  the  author  would  estimate  the  total 
value  of  the  steel  work  in  the  building  to  be  about  i$80  000.  The 
engineers  reported  a  loss  of  ^18  530,  which  would  be  about  23%  of 
the  whole  value  of  the  structural  iron  in  the  building.  All  of  the 
iron,  even  where  covered,  must  have  been  heated  to  a  very  great  heat, 
for  where  the  tank  fell  some  of  the  columns  are  bent  as  though  they 
were  wax,  and  the  paint  on  the  ironwork  of  the  columns  remaining 
covered  also  shows  the  evidence  of  it. 

The  cinder  concrete  over  the  floor  arches  was  entirely  decomposed 
by  the  heat.  The  tops  of  the  arches  which  remained  in  place  are 
everywhere  in  good  order,  but  a  large  portion  of  that  part  of  the  arch 
that  makes  the  ceiling  is  broken  oflf,  leaving  the  hollow  spaces  in  the 
arches  opening  out  into  the  story   below.     The  skewbacks  ai-e  also 
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broken  badly.  In  general,  the  covering  of  the  columns  in  this  build- 
ing remained  intact,  but  the  plastering  was  ruined  everywhere.  All 
of  the  fire-proof  in  the  building  will  have  to  be  replaced;  the  east  wall 
back  of  the  elevators,  which  was  pushed  out  of  plumb  by  the  falling 
tank,  will  have  to  be  taken  down  and  rebuilt,  and  repairs  will  have 
to  be  made  in  the  Fifth  Street  wall.  The  cornice  is  a  complete  loss, 
largely  owing  to  its  being  supported  with  wood.  Nearly  half  of  the 
roof  was  entirely  torn  out  by  the  falling  tank,  but  where  it  remained 
in  place  it  seemed  to  be  uninjured.  The  rear  windows  were  provided 
with  wooden  shutters  covered  on  both  sides  with  sheet  iron.  The 
wood  in  all  of  these  shutters  was  charred;  and  the  iron  was  warped 
badly,  though  in  almost  every  case  the  shutters  held  in  their  places 
until  after  3  o'clock,  when  the  fire  was  entirely  under  control.  With- 
out question  they  must  have  aided  greatly  in  preventing  the  fire  from 
spreading  to  the  adjoining  buildings  in  the  rear. 

Plate  III,  Fig.  1,  shows  the  condition  of  the  Store  Building  after 
the  fire,  and  Fig.  2  is  a  view  on  the  first  floor  of  the  same  building 
looking  from  the  center  of  the  building  towards  the  fallen  tank,  which 
shows  quite  clearly  in  the  background.  This  picture  also  shows  the 
construction  of  the  light  court  and  the  railing  or  balustrade  which 
surrounded  it.  Plate  IV,  Fig.  1,  is  also  taken  on  the  first  floor,  but 
looking  in  the  opjjosite  direction.  It  shows  the  ceiling  and  some  of 
the  broken  tile.  The  floor  arches  did  not  endure  the  fire  as  well  on 
the  upper  floors  as  they  did  on  this.  Plate  IV,  Fig.  2,  shows  in  the 
foreground  how  the  terra  cotta  was  flaked  ofi"  and  broken  around  the 
windows  in  the  Store  Building.  In  the  background  on  the  right  it 
shows  the  ruin  of  the  grocery  store,  the  one-story  building  through 
which  the  street  cars  pass,  and  the  side  front  of  the  Methodist  Build- 
ing. This  picture  was  taken  several  weeks  after  the  fire,  and  the 
repairs  to  the  window  frames  and  windows  in  the  latter  building  had 
already  been  completed. 

The  Home  Ofiice  Building  was  not  as  large  as  the  Home  Store 
Building,  and  was  only  four  stories  high.  It  was  built  in  1894.  The 
entrance  to  the  office  portion  of  the  building,  the  third  and  fourth 
floors,  was  on  the  extreme  western  side  of  the  building.  In  the  base- 
ment, in  the  first  story,  and  in  the  second  story,  the  remaining  portion 
of  the  building  was  divided  into  four  parts  by  solid  partitions  extend- 
ing from  the  front  to  the  rear  of  the  building.      The  western  part  was 


PLATE   III. 

TRANS.   AM.  SOC.  CIV.   ENQRS. 

VOL     XXXIX,    No.   823. 

PURDY  ON   FiRE-PROOF  CONSTRUCTION. 


PURDY   ON   FIRE-PROOF  CONSTRUCTION. 


13]? 


occupied  by  a  drug  store,  the  part  adjoining  ibis  by  a  millinery  store,, 
the  next  part  by  a  carpet  store,  and  the  eastern  part  by  a  china  store. 
Each  of  these  stores  occupied  its  apartments  in  the  basement  and  in 
the  first  and  second  stories.  There  is  also  a  court  in  the  building 
similar  to  that  in  the  Store  Building,  but  it  only  extends  to  the 
third  floor. 

The  evidence  of  the  firemen  agrees  with  what  the  very  nature  of 
the  construction  would  indicate  as  to  the  way  the  fire  burned  in  the 
two  buildings.  In  the  Store  Building  the  draft  was  in  from  the  out- 
side and  up  through  the  center.  In  the  Office  Building  it  was  directly 
through  these  tunnel-like  shafts  on  the  first  and  second  floor  from  the 
front  to  the  rear  of  the  building.     Each  floor  of  each  store  was  like  a 


Fig.  8. 


long  flue,  and  all  the  contents  and  woodwork  used  in  the  construc- 
tion were  entirely  consumed. 

In  some  respects  the  construction  of  the  building  was  similar  to 
the  construction  of  the  Store  Building.  The  floors  were  carried  on 
15-in.  beams  and  Z-t*ar  columns;  they  were  also  covered  with  cinder 
concrete  and  finished  with  wood  flooring.  The  floor  arches  were  9  ins. 
deep,  supported  on  skewbacks  similar  to  those  in  the  Store  Building. 
The  ceiling  of  the  top  story  was  made  of  light  blocks  of  fire-proofing 
supported  on  T-bar  construction.  In  other  respects,  however,  the 
construction  was  radically  different  from  that  in  the  Store  Building, 
The  girders  were  made  of  double  20-in.   beams.     The  exterior  walls 
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were  self-supi^orting.  The  floor  arches  were  end  construction  in- 
stead of  side  constmctiou,  and,  what  is  most  worthy  of  notice,  they 
were  made  of  porous  material  instead  of  hard-clay  material.  A  sec- 
tion of  the  floor  is  shown  in  Fig.  12. 

The  column  covering,  the  ceiling  of  the  toji  story,  and  the  parti- 
tions were  also  made  of  the  porous  material.  The  column  covering, 
however,  was  about  1  in.  thick  and  solid,  instead  of  2  ins.  thick  and 
hollow.  The  walls  of  the  floor  arches  were  generally  i  in.  thick.  All 
the  partitions  in  the  building  were  sujjported  near  the  floor  on  a 
wooden  frame.  The  front  wall  of  the  building  was  finished  with  In- 
diana limestone  up  to  the  second  floor,  and  with  pressed  brick  above 
the  second  floor.  Three  of  the  piers  extended  down  to  the  sidewalk, 
and  three  of  them  started  at  the  second  floor  and  were  supported  in 
the  first  story  by  cast-iron  columns.  Plate  V  gives  two  elevations  of 
the  front  of  this  building,  showing  these  features  of  the  construction, 
and  the  division  of  the  building  into  the  entrance  and  four  stores. 

Owing  to  the  partitions  on  the  third  and  fourth  floors  the  fire  did 
not  do  its  work  as  completely  as  it  did  in  the  story  below,  but  every- 
where in  the  front  of  the  building  and  in  places  entirely  through  the 
building  every  vestige  of  woodwork  was  completely  consumed.  This 
was  particularly  noticeable  wherever  the  fire  had  a  chance  to  get  a 
draft  through  the  building.  In  the  stores  and  in  the  offices,  wherever 
the  fire  burned  the  hottest,  the  woodwork  was  so  completely  burned 
out  that  nothing  was  left  of  the  floor  sleepers,  which  were  almost  com- 
pletely bedded  in  concrete,  and  the  framework  in  the  partitions  was 
also  entirely  consumed.  Plate  VI,  Fig.  1,  shows  a  corridor  on  the 
third  floor  where  the  partitions  obstructed  the  progress  of  the  fire 
most,  and  yet  it  will  be  noticed  the  wood  was  nearly  all  burned 
through. 

The  steel  construction  is  almost  entirely  uninjured.  A  few  angle 
bars  about  the  court  and  a  few  lintel  beams  in  the  front  wall  are  all 
that  will  need  replacing,  and  this  will  cost  only  a  few  dollars.  The 
floor  arches  were  also  in  good  condition.  The  damage  is  almost 
entirely  confined  to  the  bottom  of  the  skewbacks  which  covered  a 
portion  of  the  beams.  This  is  shown  quite  clearly  in  the  illustra- 
tion of  a  portion  of  the  ceiling  in  the  second  floor,  in  Fig.  2,  Plate 
VI.  This  picture  is  taken  in  about  the  worst  place  in  the  building. 
The  bottoms  of  the  tiles  in  the  arch  i^roper  were  not  broken  out  as 
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they  were  to  a  great  extent  in  the  Store  Building.  The  column  cover- 
ing also  stood  the  fire  remarkably  well,  considering  the  shape  of  the 
tile  that  was  used  for  the  purpose.  The  partitions  between  the  stores 
nearly  all  remained  standing  in  spite  of  the  fact  that  where  the  wood 
burned  out  the  opening  extended  from  column  to  column.  A  fair  ex- 
ample of  this  is  shown  in  Plate  VII,  Fig.  1.  Some  of  the  jmrtitions 
in  the  offices  stood  the  same  way,  but  many  of  them  sagged  down 
when  the  framework  burned  out,  and  a  few  were  entirely  broken 
down.  The  cinder  concrete  was  also  entirely  ruined,  but  the  ceiling 
in  the  fourth  story  was  injured  very  little,  and  the  roof,  excepting  the 
skylight  and  some  of  the  flashing  along  the  front  wall,  is  left  as  good 
as  before  the  fire.  Even  the  light  trusses  over  the  court  are  entirely 
uninjured. 

The  Methodist  Building  was  also  built  in  1894.     It  is  long  and 
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Fig.  11. 

narrow  and  very  much  smaller  than  either  of  the  other  buildings, 
covering  only  about  one-fourth  as  much  ground  as  the  Home  Office 
Building,  and  about  one-sixth  as  much  ground  as  the  Store  Building. 
It  is  eight  stories  high,  occupied  by  a  book  store  on  the  first  floor, 
and  by  offices  on  the  other  floors. 

By  reference  to  Fig.  1  it  will  be  seen  that  the  broad  side  of  the 
building  was  exposed  to  the  fire.  The  offices  were  all  on  this  side  of 
ithe  building  running  back  to  a  hall  and  stairway  on  the  other  side. 
'The  construction  of  the  building  in  almost  every  particular  was  dif- 
ferent from  that  of  the  other  buildings.  The  exterior  walls  were  made 
<of  brick  with  sandstone  trimmings,  self-supporting.  There  were  no 
interior  columns  in  the  building,  but  columns  in  the  walls  supported 
20-in.  beams  spanning  the  entire  width  of  the  building.  These  beams 
were  supported  about  16  ft.  apart,  and  carried  floor  arches  without 
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the  use  of  joists  or  other  intermediate  beams.  These  floor  arches  are 
composed  of  a  solid  bed  of  concrete  about  8  ins.  thick,  made  of  Port- 
land cement  and  slag,  and  strengthened  with  imbedded  wires  extend- 
ing over  the  tops  of  the  20-in.  beams.  The  whole  construction  is  so 
designed  that  the  top  of  the  concrete  is  about  flush  with  the  toi^s  of 
the  beams,  as  shown  in  Fig.  13.  That  i^ortion  of  the  beams  project- 
ing below  the  arch  is  also  boxed  in  with  concrete  of  the  same  kind. 
All  the  partitions  in  the  building  are  made  of  2  x  4-in.  wood  studding 
in  the  ordinary  way,  covered  with  wire  lath  on  both  sides  and  plas- 
tered. The  spaces  between  the  studding  are  not  filled.  The  ceiling 
of  the  top  story  is  made  of  wood,  suspended  and  covered  with  wire 
lath  the  same  as  the  partitions. 

The  fire  seems  to  have  been  greatest  in  the  top  story  and  nearly  as 
bad  in  the  two  stories  below.  The  windows  in  the  east  wall  of  the 
Jenkins  Building,  facing  the  Methodist  Building,  were  provided  with 


Fig.  12. 


iron  shutters.  The  rear  portion  of  this  wall  did  not  fall  during  the 
fire.  This  was  a  great  protection  to  the  Methodist  Building.  The 
front  portion  of  the  east  wall  of  the  Jenkins  Building  fell  shortly  after 
the  wall  facing  Penn  Avenue  fell,  and  nearly  all  of  the  window  frames 
in  the  Methodist  Building  at  once  took  fire.  As  the  entrance  to  this 
building  and  the  stairs  and  halls  are  all  on  the  side  furthest  from  the 
fire,  the  firemen  could  take  their  hose  into  the  building  and  fight  the 
fire  on  each  story  from  the  inside.  There  was  no  room  in  this  build- 
ing where  the  woodwork  was  entirely  consumed.  The  wood  in  the 
floors  was  burned  only  in  a  few  places.  The  ironwork  and  the  con- 
crete in  the  floors  were  not  seriously  injured.  A  very  small  expense 
■will  make  the  former  as  good  as  new,  and  all  of  the  concrete  floors  can 
be  used  again,  though  the  owners  are  putting  in  some  additional  beams 
for   their   support.     The  floors  are  deflected.     They  have  evidently 
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been  so  since  the  building  was  erected,  thougli  the  deflection  seemed  to 
the  author  to  have  been  somewhat  increased  by  the  fire.  The  jiartitions 
offered  but  little  resistance  to  the  fire  and  are  badly  damaged  wherever 
the  fire  made  an  entrance  to  the  building.  The  ceilings  also  suffered 
severely. 

A  careful  study  of  the  illustrations  from  Plate  VII,  Fig.  2,  to 
Plate  IX,  Fig.  2,  inclusive,  tells  the  story  of  the  fire  in  this  building 
better  than  words.  Plate  VII,  Fig.  2,  shows  the  rear  part  of  the  east 
wall  of  the  Jenkins  Building  still  standing  after  the  fire,  and  the  fire- 
men throwing  water  on  the  fire  from  the  roof  of  the  one-story  build- 
ing, between  the  Methodist  Building  and  the  grocery.  Plate  VIII, 
Fig.  1,  shows  one  large  room  on  the  eighth  floor,  the  interior  of  an 
architect's  oftice;  Fig.  2  on  the  same  jilate  is  a  room  on  the  seventh 
floor.  Plate  IX,  Fig.  1,  is  another  room  on  the  seventh  floor,  and 
Fig.  2  is  a  room  on  the  sixth  floor. 

So  much  for  the  construction  of  the  buildings,  the  fire  and  its 
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effects.  In  entering  upon  a  discussion  of  the  relative  merits  of  the 
different  buildings,  the  different  materials  used  in  them,  and  the 
lessons  taught  by  the  effects  of  the  fire,  it  may  be  well  first  of  all  to 
call  attention  to  serious  faults  in  the  construction  in  all  three  build- 
ings, which  were  inexcusable  and  greatly  increased  the  loss  pertaining 
to  the  buildings  themselves. 

The  sound  value  of  the  Store  Building  is  estimated  by  the  insur- 
ance adjusters  to  be  $367  980,  while  the  total  damage  is  given  at 
$206  747.  This  is  exclusive  of  boilers  and  dynamos.  The  loss  to  the 
steel  construction,  as  reported  by  the  board  of  engineers  ajjpointed 
by  the  adjusters,  as  stated  before,  was  $18  530,  that  is  to  say,  the  loss 
in  the  steel  construction  was  about  8-h%  of  the  whole  loss,  or,  as  pre- 
viously stated,  about  23%"  of  the  whole  value  of  that  part  of  the  con- 
struction. Out  of  336  columns  in  the  building,  counting  each  story 
separately,  13  were  entirely  destroyed,  and  48  were  injured  so  as  to 
require  fixing  and  re-erecting.     Four  heavy  girders  were  also  ruined. 
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and  18  others  were  injured.  These  figures  are  made  uy)  from  the  engi- 
neers' report  before  referred  to. 

The  location  of  the  tank  on  the  roof  is  shown  in  Fig.  7.  It  was  6 
ft.  in  diameter  and  25  ft.  long,  made  of  steel  plates  fV  in.  thick  in  the 
cylinder  and  \  in.  thick  in  the  heads,  and  had  a  capacity  of  about 
5  000  galls.  In  working,  however,  only  about  half  of  this  should  be 
figured  on,  and  the  total  weight  of  tank  and  contents  when  it  fell  was 
therefore  probably  not  more  ihan  30  000  lbs.  It  was  supported  by 
roof  beams  which  were  carried  at  one  end  by  the  girder  between 
columns  36  and  37,  and  at  the  other  end  by  the  wall  girder  between 
columns  9  and  10,  and  enclosed  with  a  tile  wall  and  asphalt  roof.  The 
four  beams  under  the  tank  Avere  15  ins.  deep.  The  roof  here,  as  else- 
where, was  protected  only  by  the  susj^ended  ceiling.  None  of  the  roof 
framing  was  fire-proofed,  and  no  exception  was  made  of  the  beams 
under  the  tank.  The  intensity  of  the  heat  at  this  point  was  also 
greater,  for  it  was  at  the  top  of  the  flue.  Whether  the  beams  or  the 
columns  gave  way  because  the  factor  of  safety  in  them  w'as  not  as 
great  as  it  should  have  been,  or  the  heat  was  simply  too  great  for  any- 
thing to  withstand,  and  the  absence  of  fire-proofing  is  alone  to  blame, 
matters  little.  The  fact  remains  that  good  fire-j^roofing  would  un- 
doubtedly have  saved  the  tank,  and  if  the  tank  had  not  fallen  at  all, 
the  loss  of  the  steel  construction  would  have  been,  as  estimated  by 
the  adjusters,  not  more  than  5  per  cent. 

A  careful  examination  of  Figs.  3,  4,  5,  6  and  7,  will  show  that  more 
than  one-third  of  the  roof  was  torn  away,  as  were  large  areas  on  all 
floors,  decreasing  from  top  to  bottom.  One  cannot  help  asking  why 
beams  so  distant  from  the  tank  were  torn  out  by  the  fall.  It  should 
be  particularly  noticed,  too,  that  the  tank  fell  in  a  comparatively  open 
place  where  the  framing  laterally  was  much  weaker  than  elsewhere. 
Why,  also,  did  the  beams  give  way  more  than  the  girders,  and  why 
was  the  wall  bulged  out  at  all  ?  It  seems  to  the  author  that  if  the 
beams,  girders  and  columns  had  been  connected  to  each  other,  some- 
what proportionately  to  the  strength  of  the  members  themselves,  the 
tank  would  have  gone  down  through  the  stairs  with  very  little  injury 
to  the  structural  iron  work  or  the  wall,  and,  at  the  most,  this  part  of 
the  loss  would  not  have  exceeded  $5  000.  As  it  is,  16%  of  all  the 
beams  had  to  be  replaced,  and  14%  of  them  had  to  be  straightened  or 
fixed.     The  use  of  ^-in.  metal  in  the  top  tier  of  columns  is  also,  to  say 
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the  least,  a  dangerous  practice.  It  is  moi-e  than  jiossible  that  these 
columns  were  the  lirst  members  to  give  way. 

Another  particularly  discreditable  piece  of  work  in  this  building 
has  already  been  referred  to,  the  use  of  wooden  outriggers  to  support 
the  copper  cornice.  The  loss  on  the  cornice  is  not  given,  but  it  must 
have  been  quite  an  item. 

In  the  OflSce  Building  there  is  another  grievous  fault  in  construc- 
tion, but  in  this  case  in  the  partitions.  It  is  a  fault,  too,  which  has 
been  repeated  again  and  again  in  buildings  which  are  counted  as  fire- 
proof. All  the  partitions  in  this  building  must  be  taken  down,  and 
it  is  a  pity,  too,  for,  except  the  injury  due  to  the  burning  of  the  wooden 
frame  on  which  they  rested,  most  of  them  were  as  good  after  the  fire 
as  they  were  before.  This  frame  was  put  in  to  nail  the  baseboard  to, 
but  was  not  needed,  for  the  porous  material  in  the  partitions  will  hold 
a  nail  nearly  as  well  as  wood. 

The  greatest  fault  in  the  construction  of  the  Methodist  Building 
also  concerns  the  partitions.  If  this  building  had  had  a  quarter  of 
the  heat  that  the  other  buildings  had,  every  partition  would  have  been 
completely  destroyed.  The  fire  seems  to  indicate  that  plastering  will 
not  jjrevent  the  heat  of  a  great  fire  from  charring  a  wooden  frame 
behind  it,  even  it  it  does  not  come  ofi"  and  expose  the  wood,  and  such 
work  is  not  tit  to  be  reckoned  as  fire-proof  construction.  All  of  these 
are  faults  which  were  scarcely  matters  for  question.  The  knowledge 
and  experience  of  architects  and  builders  had  already  covered  this  case, 
and  the  fire  can  now  only  emphasize  it. 

Nevertheless  if  all  these  faults  in  construction  had  not  existed,  the 
buildings  would  have  been  injured,  and  the  contents  of  the  stores,  at 
least,  in  both  the  Home  Buildings,  would  have  been  burned.  They 
offered  little  resistance  to  fire  because  the  glass  in  the  windows  broke 
into  pieces  and  in  some  places  melted,  immediately  after  the  front 
wall  of  the  grocery  building  fell  into  the  street. 

The  firemen  could  not  for  a  moment  stand  the  heat,  which  they  claim 
was  hotter  than  any  of  their  oil  fires.  They  scarcely  saved  their  en- 
gines and  their  lives,  and  they  had,  in  some  cases,  to  turn  the  water  on 
each  other,  and  even  then  some  of  them  were  burned.  The  heat  on  the 
building  on  the  opposite  side  of  Fifth  Street,  which  was  exposed  to 
only  a  fraction  of  the  intense  heat  of  the  grocery  store,  turned  the  water 
thrown  on  it  to  steam,  so  that  the  firemen  worked  at  a  disadvantage 
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in  not  being  able  to  see  well.     Under  these  circumstances,  there  could 
be  no  hope  for  the  contents  of  either  of  the  Home  buildings. 

It  seems,  therefore,  as  if  the  first  problem  is  the  protection  of  large 
windows,  and  that,  perhaps,  the  most  important  lesson  of  this  fire  is 
the  necessity  of  that  i:>roteetion.  It  is  not  so  imjiortant  in  some  New 
York  and  Chicago  buildings  as  in  cities  like  Pittsburg,  for  in  the 
former  there  are  so  many  incombustible  and  fire-proof  structures  that  a 
heat  great  enough  to  break  glass  across  the  street  is  not  likely  to  occur, 
whereas  in  smaller  cities  having  only  a  few  buildings  of  modern  type, 
in  many  cases  surrounded  on  all  sides  by  buildings  built  largely  of 
wood,  the  danger  to  glass  areas  is  greatly  increased. 

It  seems  as  if  ingenuity  ought  to  furnish  some  practicable  scheme 
for  protecting  large  window  openings.  The  shutters  in  the  rear 
of  the  Home  store  did  most  excellent  service  and  the  covering 
was  only  thin  sheet  iron.  Why  should  not  all  windows  in  fire-proof 
biiildings  be  provided  with  iron  window  frames,  and  iron  sash  and 
metallic  or  asbestic  rolling  shutters  of  some  character  ?  The  solid 
folding  shutter  is  objectionable  on  front  oi)enings  because  it  disfigures 
the  building,  and  if  they  are  on  the  inside  of  a  window,  they  prevent  a 
proper  use  of  it. 

Without  question  automatic  sprinklers  or  other  water  safeguards 
against  fire  have  had  a  large  sphere  of  usefulness,  and  might  be  de- 
vised as  a  special  jjrotection  to  show-windows.  It  seems,  however, 
as  if  the  shutter  should  be  of  some  solid  material.  Firemen  would 
not  hesitate  to  enter  a  store  and  fight  any  fire  behind  a  solid  barrier, 
and  in  all  but  the  worst  cases  such  assistance  would  scarcely  be  re- 
quired. Besides  this,  if  a  solid  barrier  secured  the  jjrotection,  there 
might  be  no  loss  to  contents;  whereas  the  damage  by  water  in  a  stock 
of  merchandise  might  be  as  bad  as  the  loss  from  fire.  One  of  the 
principal  jjoints  made  in  reference  to  the  sprinkler  is  that  a  pail  of 
water  at  the  beginning  will  extinguish  any  fire  and  that  the  sprinkler 
itself  furnishes  that  fii'st  pail  of  water.  The  automatic  fuse  is,  there- 
fore, made  to  act  at  a  very  low  temperature,  say  150^,  while  the  heat 
on  a  show  window  in  such  a  city  as  Pittsburg  may  exceed  1  000=^,  or, 
in  rare  cases,  double  that  amount. 

Some  of  the  best  buildings  have  iron  window  frames  and  sash,  and 
other  buildings  with  large  windows,  larger  than  these  in  Pittsburg, 
are  provided  with  rolling  shutters.     Wood  frames  and  sash  are  used. 
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generally  because  of  their  economy,  and  consequently  it  is  not  only  a 
question  of  "how,"  but  subsequently  a  question  of  persuading  each 
owner  to  meet  the  additional  expense. 

Some  reports  of  the  fire  have  condemned  the  large  ojienings,  but 
who  can  say  that  the  fire  would  not,  under  the  same  circumstances, 
have  spread  with  equal  rapidity  through  smaller  openings.  Eeform 
in  buildings  cannot  be  conducted  along  lines  which  shut  out  the  light 
or  deprive  the  building  of  its  architectural  design.  The  end  must  be 
accomplished,  if  it  is  accomplished  at  all  satisfactorily,  by  protecting 
the  windows  and  not  by  changing  their  size.  In  dark  cities,  like 
Chicago  and  Pittsburg,  the  large  light  areas  are  exceedingly  im- 
portant and  are  one  of  the  chief  advantages  of  modern  building 
methods. 

Kindred  to  this  evil  of  unprotected  window  openings  is  the  open 
shaft  through  the  center,  which  practically  makes  one  room  of  the 
entire  building.  Indeed,  so  far  as  the  progress  of  the  fire  is  con- 
cerned, it  is  worse  than  one  room.  Insurance  men  have  long  recog- 
nized that  large  store  buildings  open  over  entire  floors,  and  through 
all  stories  are  a  dangerous  fire  risk,  and  must  remain  so  unless  some 
satisfactory  method  can  be  designed  of  dividing  the  space  either  per- 
manently or  when  not  in  use.  The  insurance  adjusters  in  their  report 
suggest  that  such  light  shafts  might  be  protected  by  an  asbestic 
covering  made  to  roll  up  and  come  together  in  the  center.  Such  an 
arrangement  would  close  the  shaft  at  each  floor  level.  In  this  par- 
ticular case  the  fire  undoubtedly  entered  through  the  windows  at  one 
time  on  all  floors.  The  oi^en  shaft  did  not  prevent  the  destruction  of 
the  contents,  but  only  intensified  the  heat  on  the  upper  tioors.  If, 
however,  the  fire  should  start  in  such  a  store  on  the  lower  floor,  and 
was  not  almost  immediately  extinguished  by  a  fire  service  of  some 
sort,  the  chances  are  altogether  probable  that  the  open  shaft  would 
be  the  means  of  the  destruction  of  the  entire  contents  of  the  building; 
whereas,  if  the  floors  could  be  closed  by  some  simple  mechanism, 
such  a  fire  could  be  confined  to  the  floor  on  Avhich  it  originated. 

It  seems  to  the  author  that,  however  perfect  a  scheme  can  be 
worked  out  for  tire  j)rotection  by  the  use  of  water,  the  importance  of 
separating  floors  from  each  other,  at  least  in  an  emergency  and  when 
not  in  use,  and  indeed  separating  stores  into  parts  in  the  same  way, 
woiild  still  be  vitally  important. 
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One  of  tlie  most  important  object  lessons  relating  to  the  fire  per- 
tains to  the  fire-proofing. 

The  fire  teaches  nothing  as  to  the  real  fire-proof  qualities  of  good 
concrete  in  floor  construction,  for  the  floors  in  the  Methodist  Building 
were  not  subjected  to  a  real  test.  The  heat  on  the  outside  of  the 
building  was  only  a  fraction  of  what  it  was  on  the  other  buildings,  as 
testified  to  by  the  firemen  and  by  the  fact  that  the  stone  trimmings  in 
the  exterior  walls  exposed  to  the  heat  were  injured  in  only  three  small 
places,  while  the  fire  on  the  inside  was  confined  to  an  area  entirely 
controlled  by  the  fire  department.  Whether  ordinary  concrete,  or,  for 
that  matter,  concrete  of  any  kind,  will  resist  more  fire  and  cold  water 
than  brickAvork  or  other  forms  of  burned  clay  is  undetermined  and 
debatable.  Certainly  this  fire  does  not  prove  that  it  will  or  that  it 
will  not. 

As  between  the  burned  material  and  the  porous,  however,  the  su- 
periority of  the  latter  as  now  manufactured  and  used  was  clearly 
illustrated.  The  author  ventures  the  definite  statement,  that  parti- 
tions of  4-in.  hollow  porous  material  made  of  sawdust  and  clay  proj)- 
erly  manufactured  and  i:)roperly  put  in  place,  column  covering  made  in 
the  same  way  at  least  3  ins.  thick,  and  floor  arches  of  the  same  mate- 
rial deep  enough  for  flush  ceilings,  with  jiroj^erly  designed  skewbacks 
and  beam  flange  protection,  will  stand  any  possible  combination  of 
heat  and  water,  without  material  injury.  It  seems  to  him  that  the  fire 
in  the  Athletic  Club  Building  at  Chicago  proved  this,  as  does  the  fire 
at  Pittsburg. 

The  same  thing  cannot  be  said,  however,  in  regard  to  hard-burned 
clay  material,  as  it  is  now  manufactured,  especially  in  the  West, 
where,  in  the  interest  of  economy,  it  has  been  made  lighter  than  in  the 
East,  though  in  theory  it  ought  to  make  satisfactory  resistance  to  fire, 
for  it  is  incombustible  and  hardened  with  heat,  and  brick  which  is 
made  in  the  same  way  can  be  relied  on  to  stop  a  fire.  Yet  not  this  fire 
alone,  but  others  have  demonstrated  that  the  hard  material  will  crack 
and  fall  to  pieces  under  great  heat,  even  if  it  is  not  suddenly  cooled 
with  water  thrown  upon  it. 

The  fire-proofing  work  in  the  store,  both  in  the  arches  and  around 
the  columns,  was  erected  well.  Indeed,  it  was  probably  erected  better 
than  in  the  average  New  York  building,  and  the  damage  to  the  fire- 
proofing  in  that  building  is  primarily  due  to  its  being  hard  material 
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instead  of  porous.  The  covering  of  the  girders  and  beams  which  pro- 
jected below  the  ceiling  line  was  pretty  generally  broken,  and  this 
must  have  been  due  in  a  large  measure  to  the  fact  that  the  ceiling  was 
not  a  level  surface,  though  the  loss  was,  without  doubt,  increased  on 
account  of  the  very  few  divisions  in  the  tile  and  the  very  thin  walls. 
The  material  used  in  New  York  is  all  thicker  and  heavier  than  this 
was,  and  on  that  account  would  probably  stand  a  fire  better.  That 
the  damage  to  the  fire-proofing  is  primarily  due  to  its  being  hard  tile 
instead  of  porous  is,  however,  shown  by  a  comparison  between  the 
two  Home  Buildings.  In  both  cases  the  ceiling  was  paneled.  In  the 
Store  Building  the  bottom  of  the  hard  tile  arches  was  broken  by  the 
fire,  whereas  in  the  Office  Building  there  was  scarcely  any  injury  of 
that  kind.  The  insurance  adjusters  state  that  there  is  only  a  salvage 
of  16|%  in  the  fire-proofing  of  the  Store  Building,  but  that  they  be- 
lieve if  the  tank  had  not  fallen,  the  salvage  would  have  been  at  least 
50  per  cent. 

A  satisfactory  fire-proofing  material  when  properly  constructed  in 
all  its  details  should  not  suffer  a  loss  of  more  than  1%  or  2%  at  the 
most. 

The  fire-proofing  in  the  Office  Building  suflered  much  more  than 
this,  but  in  every  case  there  is  a  special  cause  for  the  injury,  entirely 
independent  of  the  quality  or  texture  of  the  material.  The  adjusters 
report  43^  loss  on  the  partitions,  and  this  is  low  when  it  is  remem- 
bered that  every  partition  in  the  building  was  left  unsupported  by  the 
burning  out  of  the  wooden  frame.  The  column  covering  resisted  the 
fire  unexpectedly  well,  but  the  single  thickness  of  material  makes  a 
wretched  covering,  and  it  should  all  be  replaced  with  hollow  blocks. 
In  places,  as  shown  in  Plate  VI,  Fig.  2,  the  skewbacks  covering  the 
beams  projecting  below  the  arches  suffered  severely.  If  the  insurance 
companies  were  required  to  replace  all  these  broken  pieces,  it  would 
necessitate  the  removal  of  arches  which  were  entirely  uninjured.  The 
author  has  not  been  able  to  account  for  the  large  percentage  of  dam- 
age allowed  by  the  adjusters  on  this  part  of  the  fire-proofing,  SS^%,  on 
any  other  supposition,  for  in  his  examination  he  found  practically 
none  of  the  arches  injured,  and  the  contractors  in  rebuilding  have 
furnished  only  300  ft.  of  new  arches,  while  there  are  40  000  ft.  in  the 
building. 

Besides  this,  which  is  perhaps  the  most  important  observation  in 
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regard  to  the  fire-proofing,  the  following  conclusions  seem  also  to  be 
warranted. 

The  breaking  of  the  hard  tile  arches  on  the  bottom  is  due  to  the 
inability  of  the  materials  to  withstand  inequalities  of  contraction  and 
expansion,  and  it  breaks  in  the  corners,  both  because  the  strain  is 
greatest  and  the  tile  is  weakest  there.  There  is  an  inequality  of  ex- 
pansion because  it  is  heated  only  on  one  side.  The  strain  is  greatest 
in  the  corners  because  the  expansion  of  one  side  tends  to  shear  that 
side  from  the  adjoining  ones,  and  it  is  weakest  at  the  corners  because 
if  there  is  any  initial  stress  in  the  material  it  would  more  naturally 
occur  there  than  elsewhere,  while  the  very  fact  that  it  breaks  in  that 
particular  place  more  than  anywhere  else  indicates  that  it  is  lacking 
in  strength  along  the  edges.  The  report  of  the  board  of  expert  engi- 
neers appointed  by  the  appraisers  furnishes  some  valuable  facts,  but 
some  of  their  observations  seem  to  the  author  extremely  fallacious, 
and  quite  so  in  regard  to  this  point.  They  state  in  efi'ect  that  the  scal- 
ing off"  of  the  lower  web  of  the  floor  arches  is  due  to  the  lateral  motion 
of  the  iron  work  caiased  by  the  heat  of  the  fire.  A  panel  surrounded 
by  iron  will  enlarge  in  area  if  the  iron  expands,  and  if  it  is  true,  as 
they  claim,  that  the  iron  expands  more  than  the  arches,  the  process  of 
expansion  would  seem  to  relieve  the  arch,  in  whole  or  in  part,  instead 
of  bringing  any  strain  to  bear  upon  it  tending  to  its  destruction.  The 
damage  to  the  tile  is  also  not  due  to  the  subsequent  process  of  con- 
traction, for,  as  a  matter  of  fact,  the  damage  to  the  tile  occurs  during 
the  fire  and  not  after  it. 

The  tendency  of  the  times  is  to  make  the  material  too  light.  If  the 
walls  of  the  material  were  made  thicker,  it  certainly  would  add 
strength.  Possibly,  also,  if  the  angles  on  the  inside  were  rounded 
more,  the  strength  of  the  corners  would  be  increased.  Checks  and 
cracks  in  the  corners  of  the  blocks  as  delivered  from  the  factory  may 
not  be  particularly  objectionable,  so  far  as  support  to  the  floor  is  con- 
cerned, but  they  are  objectionable  in  resisting  fire  effects,  and  such  tile 
will  go  to  pieces  sooner  than  that  which  is  free  from  such  imperfec- 
tions. 

Possibly  some  clays  of  which  hard-burned  fire-proofing  material  are 
made  have  more  strength  than  others,  and,  on  this  account  alone,  the 
effect  of  the  fire  in  one  case  can  be  no  certain  criterion  of  what  the 
exact  effect  will  be  in  another  case,  and  the  thickness  of  the  walls  and 
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the  various  parts  of  the  material  might  possibly  be  lighter  with  some 
clays  than  with  others. 

Unbroken  flat  ceilings  should  always  be  preferred  to  panel  work 
with  beams  projecting  below,  no  matter  in  what  way  they  may  be  pro- 
tected. This  fire  greatly  emphasizes  this  fact.  The  exposed  area  is  in- 
creased when  floors  are  built  as  they  were  in  the  Home  Buildings,  and, 
besides,  the  panel  forms  a  pocket  which  confines  the  heat  and  makes 
it  more  effective.  An  even  surface  deflects  heat  as  it  does  light,  and  if 
the  surface  is  even,  the  covering  of  the  beams,  where  protection  is  most 
needed,  will  not  suffer  the  worst  punishment,  as  it  did  in  the  Home 
Buildings.  The  fact  that  the  beams  which  were  uncovered  by  the 
action  of  the  fire  were  not  deflected  and  ruined  is  no  reason  why  they 
should  not  be  covered  so  that  the  tile  will  not  come  off  in  any  kind  of 
fire. 

The  bottom  of  the  arch  should  also  be  low  enough  under  the  beam 
to  permit  the  bottom  flange  to  be  covered  with  a  hollow  tile,  or,  at 
least,  with  a  solid  tile  having  an  open  space  between  the  covering  and 
the  beam.  As  the  material  is  now  manufactured,  this  is  rarely  ac- 
complished, and  the  workmanship  in  putting  the  beam  covers  in  place 
is  often  bad.  It  seems  as  if  there  might  be  an  imi^rovement  in  this 
direction,  and  that  the  material  should  be  designed  in  such  a  way  that 
it  will  not  only  be  theoretically  good,  but  so  designed  that  the  beam 
cover  cannot  possibly  be  improperly  placed. 

All  partitions  and  all  column  covering  should  be  built  on  the 
arches.  Cinder  concrete  which  will  crumble  away  is  not  much  better 
for  support  than  wood  which  burns  away.  Builders  may  object  to 
such  a  provision,  but  it  would  not  be  a  great  hardship  or  add  materi- 
ally to  the  cost. 

Wood  should  not  be  used  in  pax'titions  in  any  way  whatever.  Iron 
should  be  used  to  frame  all  openings. 

The  insurance  adjusters  have  also  called  attention  to  the  fact  that 
the  damaged  limestone  in  the  first  story  of  the  Home  Buildings  re- 
quires the  pulling  down  and  rebuilding  of  much  brickwork  which  was 
entirely  unharmed.  They  state  that  there  would  not  have  been  more 
than  15%  loss  in  the  brickwork  if  other  members  had  stood,  whereas 
the  loss  is  actually  at  least  40%,  the  excess  being  due,  it  is  presumed, 
to  the  falling  of  the  tank  and  the  taking  down  of  good  walls  on  ac- 
count of  the  broken  terra  cotta  and  stonework. 
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They  also  call  attention  to  the  broken  sidewalk,  which  was  a  total 
loss,  and  state  that  if  the  beams  had  been  filled  in  with  brick  arches 
and  finished  with  cement,  the  loss  would  have  been  very  small. 

All  experts  who  have  examined  into  the  matter  carefully  seem  to 
agree  that  the  fire  demonstrated  the  success  of  the  steel-frame  method 
of  construction. 

The  general  jjublic  is  not  suflBciently  informed  or  is  not  careful  to 
discriminate  as  to  exactly  what  is  meant  by  the  words  fire-proof  con- 
struction, and  so  it  naturally  questions  the  success  of  fire-proof  build- 
ings. If  by  fire-proof  buildings  are  meant  those  that  will  jirevent  in- 
flammable contents  from  burning,  and,  to  some  extent,  from  injuring 
the  structure  itself,  when  the  fire  is  once  started  on  the  inside,  the  an- 
swer must  always  remain  "no,"  and  the  public  might  as  well  under- 
stand it.  The  expression  "fire-proof  building "  should  properly  be 
defined  as  a  building  which  will  not  burn,  no  matter  how  great  a  fire 
it  may  be  exposed  to  from  without,  and  which  will  confine  an  internal 
fire  to  any  room  in  which  it  occurs,  without  material  injury  to  the  rest 
of  the  structure. 

In  this  sense  of  the  word,  buildings  can  be  made  fire-jjroof ,  and  the 
fire  at  Pittsburg  rather  confirms  that  opinion  than  otherwise. 

No  attempt  has  been  made  in  this  paj^er  to  get  at  the  exact  tem- 
jjerature  of  the  fire,  first,  because  the  examination  of  the  buildings  was 
made  too  late  to  do  so  with  any  degree  of  satisfaction,  and  also  be- 
cause the  conclusions  arrived  at  are  not  necessarily  dei^endent  upon 
the  exact  temjjerature.  In  every  discussion  it  must  be  taken  into  ac- 
count that  no  two  fires  are  alike.  It  is  the  unexpected  that  always 
happens,  and  the  only  measures  that  can  be  depended  upon  are  those 
designed  to  meet  extraordinary  conditions  which  must  always  be  to  a 
certain  extent  assumed. 

In  conclusion,  a  recaj)itulation  of  the  most  important  points  in- 
tended to  be  brought  out  by  this  j^aper  may  not  be  out  of  place. 

The  best  design,  the  best  specifications,  and  the  best  workmanship 
in  every  detail  of  the  construction  of  a  building,  are  quite  essential  to 
making  it  a  fire-jiroof  structure  which  can  be  depended  upon  in  any 
emergency. 

The  whole  exterior  of  a  building  should  be  built  of  materials 
that  will  not  be  injured  by  heat.  This  fire  woiild  point  to  brick- 
work  as    the  most  desirable  material,  and  without  question  throws 
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terra  cotta  under  a  cloud.  This  observation  should  cover  the  win- 
dows as  well  as  the  walls,  and  points  to  something  new  and  better 
than  has  yet  been  used  to  any  great  extent  in  building  operations. 

Large  store  buildings,  open  over  entire  floors  and  through  all 
stories,  must  always  be  a  dangerous  fire  risk,  and  if  it  is  important 
that  large  department  stores  should  occupy  such  quarters  during 
business  hours,  the  only  Avay  to  give  them  any  satisfactory  secuiity 
against  fire  must  be  in  subdivision  of  departments  with  fire-j^roof 
curtains  or  some  other  movable  divisions  which  can  be  quickly  and 
easily  operated. 

As  now  manufactured  porous  tile  or  terra  cotta  fire-proofing  can  be 
relied  upon  to  protect  the  steel  construction,  while  the  hard-burned 
material  cannot  be  depended  upon  with  the  same  certainty. 

Woodwork  covered  with  wire  lath  and  plastering  is  not  fire-proof 
construction,  and  the  efficiency  of  concrete  in  floors  was  not  tested 
by  this  fire. 
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DISCUSSION. 


Henry  S.  Prichard,  M.  Am.  Soc.  C.  E. — One  of  the  features  fre-  Mr.  PrichanL 
([uently  overlooked  in  the  discussion  of  materials  used  in  fii-e  in-otec- 
tion  is  the  degree  of  resistance  they  offer  to  the  transmission  of  heat 
to  the  parts  they  are  supposed  to  protect.  When  the  parts  to  be  pro- 
tected are  of  great  importance,  and  the  fire-proofing  is  not  so  far  in- 
jured as  to  expose  the  metal,  the  resistance  to  the  transmission  of  heat 
offered  by  the  fire-prooflng  is  of  more  importance  than  the  resistance 
which  the  fire-proofing  offers  to  being  injured.  It  would  be  interest- 
ing to  know  to  what  extent  the  fire-i)roofing,  where  it  has  not  been  so 
seriously  injured  as  to  exjjose  the  metal  work,  has  kept  the  heat  from 
reaching  the  protected  parts  in  the  buildings  that  form  the  sul)ject  of 
this  paper. 

That  it  is  jjracticable  to  effectually  jjrotect  floor  beams  from  injury 
in  an  ordinary  fire  was  shown  by  a  five-hour  fire  test,  with  a  maximum 
temperature  of  2  100°  Fahr.,  made  on  May  20th,  1897,  under  the 
supervision  of  the  Department  of  Buildings,  New  York  City.  In  this 
test  the  beams,  which  were  protected  on  the  bottom  and  sides  by 
about  2  ins.  of  a  fire-proofing  composed  chiefly  of  plaster  of  paris, 
had  no  permanent  set,  and  the  paint  on  them  was  to  all  appearances 
uninjured,  thus  showing  a  protection  which,  as  far  as  the  speaker  is 
aware,  is  much  better  than  any  ever  obtained  where  the  beams  were 
covered  with  either  clay  or  concrete. 

Howard  Constable,  M.  Am.  Soc.  C.  E. — To  avoid  being  misled,  Mr.  Constable, 
in  studying  fires  and  their  effect  on  materials  and  construction,  some 
evidence  should  be  sought  as  to  the  nature  and  degree  of  the  tempera- 
ture reached,  such  as  the  glazing  or  melting  of  common  brick  or  terra- 
cotta, the  melting  of  brass,  glass,  cast-iron  pijDes,  etc.  For  instance, 
in  the  case  of  the  Methodist  building  and  the  other  buildings,  some 
information  on  this  point  is  desirable.  Fire-proof  materials  have  dif- 
ferent points  of  disintegration  and  fusion.  The  intensity  of  the  heat 
may  readily  range  from  1  500  to  2  500^  Fahr. ,  and  many  materials 
will  stand  heat  for  many  hours,  provided  the  temjjerature  does  not 
rise  above  the  disintegrating  or  fusing  point.  If  cast-iron  jjipes  in 
the  Methodist  building  or  other  buildings  were  melted,  then  the  test 
was  very  severe;  but  if  there  is  no  proof  of  temi^erature,  the  test  may 
not  have  been  great.  The  speaker  had  made  exj^eriments  and  found 
that  with  a  fire  in  a  room  about  12  ft.  square  and  10  ft.  high  there 
might  exist  differences  in  temperatures  of  nearly  1  000  degrees.  Most 
of  the  fire-proofing  experiments  have  been  made  with  a  door  at  one 
end  of  a  room  or  kiln  and  a  flue  at  the  other,  allowing  a  draft  of  cold 
air  to  draw  in  over  the  flame,  and  betw'een  it  and  the  ceiling. 

The  speaker  had  attended  a  great  many  fires  and  tests,  and  it 
seemed  to  him  that  some  of  the  genei'al  deductions  and  comparisons 


148  DISCUSSION    ON    FIRE-PROOF    CONSTRUCTION. 

Mr.  Constable,  were  erroneous,  as  the  temperature,  quantity  and  impact  of  tlie  beat 
differed  widely. 

"  Absolutely  fire-j^roof "  is  a  misnomer.  Kelative  fire  and  water 
resistance  is  a  more  accurate  and  suggestive  term  to  use  in  studying 
to  improve  tlie  quality  of  buildings.  The  effect  of  the  temjierature 
and  its  gradual  or  sudden  impact  must  be  observed  more  carefully 
and  also  the  particular  shape  or  form  in  which  it  is  proposed  to  use  a 
given  material. 

The  speaker  made  experiments  some  two  years  ago  which  satisfied 
him  that  porous  terra  cotta  was  a  better  fire  and  water  resister  than 
hard  terra  cotta,  yet  hard  terra  cotta  in  some  simple  shape  was  better 
than  porous  terra  cotta  in  a  more  complicated  shape.  The  same  could 
be  said  of  cements  and  concretes,  and  of  the  comparison  between  them 
and  terra  cotta. 

As  regards  spaces  left  between  the  beam  and  the  fire-proofing,  the 
speaker  thovight  that  they  might  be  dangerous,  as  he  had  seen  cases 
where  the  flame  had  gone  through  and  thus  obtained  a  better  oppor- 
tunity to  attack  the  iron;  and  in  one  case  had  cut  off  a  tie  rod,  which 
caused  a  section  of  the  floor  to  fall.  Attention  to  good  design  and 
detail  and  careful  inspection  of  fire-proofing  work  are  much  to  be 
desired.  There  seems  to  be  no  reason  why  fire-proofing  should  not 
become  a  practical  science  instead  of  a  crude  art,  so  that  fires  may  be 
confined  to  the  limits  of  the  room  in  which  they  start,  and  repairs 
amount  principally  to  those  of  patching,  plastering  and  decoration. 
At  present,  it  is  only  too  common  to  see  "an  absolutely  fii'e-proof 
building  "  almost  a  total  loss,  and  in  other  cases  the  main  body,  the 
beams  and  columns  of  a  building,  so  injured  that  they  need  re-en- 
forcing or  replacing;  whereas  a  little  more  care  in  the  i^roportioning 
and  inspection  of  the  fire-proofing  would  have  prevented  any  injury 
to  the  iron-work. 

Recent  laboratory  experiments  made  by  the  speaker  have  done  some- 
thing toward  a  more  intelligent  study  of  fire-proof  materials.  They 
show  that  a  great  number  of  materials  called  fire-proof  in  reality  differ 
enormously  in  their  resistance  to  fire  and  water,  and  are  by  no  means 
manufactured  of  uniform  quality  in  these  particulars.  As  regards 
strength  for  floors,  provided  there  is  good  design  and  careful  inspec- 
tion of  workmanship  and  materials,  it  is  far  less  difficult  to  deal  with 
than  that  of  fire  and  water  resistance.  The  margins  are  very  much 
greater.  The  legal  load  for  floors  in  New  York  City  is  150  lbs.  per 
square  foot,  which  is  equal  approximately  to  1  lb.  per  square  inch.  It 
is  not  difficult  to  secure  materials  and  allow  ample  factors  of  safety  to 
resist  such  forces,  but  fire-proofing  materials  do  not  afford  such  mar- 
gins. A  material  that  will  stand  1  500°  may  disintegrate  at  1  800^ 
and  fuse  completely  at  some  few  degrees  above  that.  The  tests  which 
have  been  conducted  within  the  past  two  years  in  different  parts  of 
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the  country,  in  the  four-chimney  kiln  designed  by  the  speaker,  and  Mr.  Constable, 
with  the  application  of  the  fire-stream  and  tlie  use  of  the  pyrometer 
(especially  those  conducted  by  the  Building  Department  of  NeAV  York 
City  at  Eighty-fourth  and  Sixty-eighth  Streets)  have  been  most  in- 
structive to  any  student  of  the  subject;  and  it  is  surprising  how  few 
engineers  and  architects  have  been  present  at  these  tests  so  as  to  be  in 
a  position  to  make  comparisons  and  exercise  good  judgment. 

The  tests  have  demonstrated  the  manner  in  which  a  fire  can  be  con- 
fined by  different  kinds  of  floors;  the  manner  in  Avhich  beams  should 
be  protected,  and  the  fact  that,  at  present,  partitions  cannot  be  ex- 
pected to  stand  as  severe  a  test  as  floors.  The  advent  of  Avire-glass  as 
a  great  fire  resister  as  compared  to  sheet  glass  or  plate  glass  is  a 
matter  of  much  interest.  The  speaker  has  recently  tested  several 
materials  used  in  wainscoting.  The  tests  were  continued  for  one  hour 
iit  2  000^,  then  water  was  applied  to  each  sample.  The  first  test  showed 
that  the  material  was  too  brittle,  and  the  manufacturer  modified  his 
mixture  gradually  until  a  much  better  degree  of  toughness  was  secured. 
This  is  a  practical  illustration  of  the  importance  of  temperature  in 
making  improvement  with  certainty  and  without  great  expense.  The 
estimation  of  degrees  of  heat  by  the  eye,  by  pieces  of  metal  or  by 
a  common  pyrometer  are  excessively  crude  methods  and  may  be  mis- 
leading by  100  to  500^,  which  is  sufficient  to  pass  the  point  of  disinte- 
gration or  the  point  of  fusion. 

So  many  accidents  have  been  caused  by  stair  treads  cracking  that 
improvements  in  this  direction  are  desii-able.  As  regards  the  protec- 
tion of  iron  the  speaker  thought  it  pretty  well  determined  that  at 
from  600  to  1  000^  iron  and  steel  begin  to  lose  their  strength  and  need 
l^rotection. 

As  regards  the  engineer  in  architecture  and  building,  the  speaker 
thought  he  had  come  to  stay,  and  introdiice  those  methods  of  investi- 
gation, testing  and  inspection,  which  have  made  bridge-building,  ship- 
building and  skeleton  construction  so  successful.  In  reference  to 
the  construction  of  the  testing  kiln  care  must  be  taken  with  the  doors, 
drafts,  flues,  the  arrangement  of  grates,  fiiel,  location  of  pyrometer, 
etc.,  to  insure  uniform  temj^erature  and  reliable  data  for  the  comjDarison 
of  tests. 

In  reply  to  a  question  by  Mr.  Prichard  the  speaker  submits  the  in- 
formation that  in  some  thirty-five  cases  where  the  temperature 
ranged  from  1  500  to  2  400°,  the  time  of  exposure  being  from  one 
to  six  hours,  the  temperature  of  the  upper  flanges  of  6-in.  to  10-in. 
beams  might  be  approximately  placed  at  not  much  above  200  degrees. 
Magaesia  and  plaster  are  among  the  highest  resisters  of  heat,  but  are 
more  easily  washed  away  by  the  action  of  water  than  terra  cotta,  ordin- 
ary good  hard  lime  or  cement  plaster.  In  one  case,  where  the  beam 
was  protected  by  3  ins.  of  concrete,  the  fire  was  maintained  for  five  hours 
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Mr.  Constable,  and  the  temiierature  went  as  high  as  2  300^  and  there  was  no  practical 
or  permanent  set  produced  in  the  beam. 

The  length  of  floor  sections  tested  by  the  speaker  was  12  to  14  ft., 
full-size  beams,  full-size  blocks,  etc.  Laboratory  testing  sjjecimens 
2  ins.  X  4 ins.  were  used.  In  testing  individual  blocks,  the  shapes  and 
sizes  found  in  the  market  had  to  be  taken.  In  designing,  the  material 
should  first  be  studied,  its  molecular  characteristics  and  behavior 
under  fire  and  water,  and  its  behavior  when  in  certain  shaj^es;  then 
close  attention  must  be  paid  to  detail  and  workmanship.  The  action 
of  certain  materials  on  iron  should  not  be  neglected. 

Terra  cotta,  although  a  splendid  material,  is  often  handicapped  by 
the  shape  in  which  it  is  used  and  its  poor  modeling;  good  cast-iron 
work  and  pottery  are  instructive  in  this  direction.  The  speaker 
thought,  as  regards  cement  testing,  there  was  a  good  deal  of  irregu- 
larity of  results  due  to  the  shape  of  briquettes,  and  that  Mr.  Whit- 
temore,  in  designing  a  double-headed  round  briquette  with  a  clutch 
for  the  same,  had  made  a  step  in  the  right  direction. 
Mr.  Freeman.  John  R.  Fbeeman,  M.  Am.  Soc.  C.  E.  — In  studying  the  ruins  of  a 
fire  to  determine  the  resistance  offered  by  various  materials  of  con- 
struction, it  is  of  great  importance  to  ascertain  aj)proximately  the 
maximum  continuous  temperature,  and  the  length  of  time  that  the 
members  of  the  structure  were  exposed  to  this  temperature.  Com- 
monly, a  record,  sufiicient  for  purposes  of  comparison,  will  be  found 
in  the  degree  to  which  various  substances  have  been  melted  or  dis- 
torted by  the  heat,  and  in  the  depth  to  which  exposed  flat  surfaces  of 
wood  have  been  charred  or  burned  away,  or  in  the  diameter  of  pieces 
of  exposed  wrought  iron,  as  horizontal  shafting  or  pipes,  which  have 
become  so  softened  by  heat  as  to  droop  under  their  own  weight. 

In  the  fire  under  discussion,  the  photograijhic  reproductions 
appear  to  confirm  fully  the  author's  conclusion  that  the  system  of 
fire-proofing  in  the  Methodist  Building  received  no  severe  test,  and 
to  demonstrate  that  the  temperature  therein  was  very  moderate  com- 
pared with  that  reached  in  many  fires.  It  is  also  evident  from  the 
photograi)hs  that  the  duration  of  extreme  heat  was  so  short  that  it 
did  not  have  time  to  soak  in  and  reach  the  skeleton  of  the  structure. 
For  example:  Plate  VIII,  Fig.  2,  demonstrates  that  the  heat  in  the 
middle  of  a  seventh-story  room,  directly  opjiosite  a  window  and 
about  10  ft.  distant  therefrom,  was  at  no  time  sufficient  to  soften  the 
thin  glass  bulb  of  an  incandescent  electric  light;  and  similiar  bulbs 
within  1  ft.  of  the  window,  but  back  a  little  behind  the  wall,  were  not 
injured. 

Plate  IX,  Fig.  1,  shows  that  in  another  room  on  the  seventh  floor, 
in  which  the  plastering  flaked  off  to  a  surprising  degree,  the  heat  was 
insufficient  to  melt  the  lead  trap  of  the  wash  basin  in  the  corner  of 
the  room,  and  that  heat  above  the  point  of  ignition  of  oak  (?)  only 
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continued  long  enough  to  consume  about  .\  in.  in  depth  of  the  chair  Mr.  Freeman, 
rail.     The  ornamental  thin  metal  bulb  of  the  lighting  fixture  in  the 
center  of  the  room  does  not  show  clearly  in  the  photograph,  but  a 
careful  inspection  of  its  soldered  or  brazed  joints  would  doubtless 
have  given  a  tolerably  accurate  measure  of  the  limit  of  the  heat. 

Plate  IX,  Fig.  2,  affords  much  evidence  of  sound  incandescent 
bulbs  and  uninjured  plumbing;  and  the  uncharred  calendar  hanging 
upon  the  farther  wall  shows  that  the  heat  in  this  room  was  mild  in 
comparison  with  that  which  often  occurs. 

Plate  VIII,  Fig.  1,  shows  that  the  ornamental  trimmings  upon  the 
electrolier,  which  were  jirobably  of  thin  spun  brass,  did  not  ajiproach 
the  point  of  fusion,  and  that  small  iron  pipes  were  not  softened  enough 
to  have  become  much  bent.  This  photograph  happens  to  present 
little  detail,  and  gives  much  less  information  than  could  have  been 
found  by  the  shari3  eyes  of  any  good  insisector  in  a  ten-minute  ex- 
amination of  the  ruins;  nevertheless,  it  causes  the  speaker  to  think  it 
probable  that  the  heat  in  this  room  was  much  less  severe  than  in  some 
of  the  fires  in  several  small  experimental  buildings,  constructed  for 
testing  the  endurance  of  plaster  on  metal  lath,  which  he  has  had 
occasion  to  witness  at  various  times. 

In  one  set  of  these  experiments,  common  old-fashioned  plastering 
of  lime  mortar  tied  together  with  hair  was  used,  this  being  spread  on 
wood  lath  in  one  and  on  wire  lath  in  the  other  building.  In  another 
set  of  experiments,  King's  Windsor  cement  was  used  on  metal  lath, 
and  in  a  third  set,  if  memory  serves  aright,  "adamant  wall  plaster" 
was  used  on  both  wire  lath  and  expanded  metal  lath.  In  one  set  of 
these  experiments  the  heat  was  suflScient  to  melt  small  tags  of  thin 
sheet  brass,  and  in  all  of  them  the  plastering  on  wire  or  metal  lath 
showed  a  better  resistance  and  endurance  against  fire  than  the  plaster- 
ing in  the  Methodist  Building,  as  shown  by  this  photograph.  Whence, 
it  may  be  inquired  what  kind  of  plastering  this  was,  and  to  what  was 
its  weakness  due?  The  speaker  would  suggest  caution  that  the  fire 
resistance  of  good  plastering  on  metal  lath  be  not  underestimated 
from  these  i^hotographs. 

Figs.  1  and  2,  Plate  V,  give  some  very  interesting  evidence  on  the 
behavior  of  naked  cast-iron  pillars  exposed  to  very  severe  radiant 
heat,  and  doubtless  also  struck  by  hose  streams  while  still  hot.  This 
piece  of  evidence  is  very  suggestive,  if  taken  in  connection  with  the 
tests  on  naked  cast-iron  pillars  made  by  the  Committee  on  Fire  Proof- 
ing Tests,  acting  on  behalf  of  the  Underwriters,  the  Architectural 
League  and  the  American  Society  of  Mechanical  Engineers,  at  the 
Continental  Iron  Works,  in  New  York  City,  about  two  years  ago;  and 
may  possibly  indicate  that  the  committee  having  these  tests  in  charge 
made  their  conditions  more  severe  than  commonly  arise  in  practice. 
The  photographs  show  the  front  of  the  Home  Office  Building  sup- 
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Mr.  Freeman,  ported  by  naked  cast-iron  jiillars;  yet  the  heat  which  chipped  the 
Indiana  limestone  piers  produced  ajDparently  no  more  effect  on  the 
pillars  than  uiJou  the  pressed-brick  j^i^rs  above  them.  Possibly, 
cooler  air  entering  the  building  at  this  place  may  have  aided  in  their 
preservation,  just  as  the  grate  bars  in  a  furnace  are  preserved.  The 
showing  made  in  this  photograph,  and  in  some  larger  photographs  of 
these  ruins  which  the  speaker  has  seen,  is  so  remarkable,  that  it  is 
to  be  hoped  that  the  author  will  give  more  particulars  regarding  these 
cast-iron  jjillars. 

For  about  ten  years  the  si3eaker  has  been  studying  the  fire  resist- 
ance of  naked  cast-iron  pillars  with  much  interest,  and  has  come  to 
believe  that  the  character  of  the  cast-iron  pillar  has  been  defamed  to 
a  mi;ch  greater  extent  than  is  justifiable.  The  photographs  shown 
on  Plate  V  appear  to  be  good  evidence  that,  up  to  a  higher  limit  than 
is  commonly  supposed,  a  cast-iron  pillar  will  stand  straight  and  carry 
its  load.  From  day  to  day  the  speaker  had  carefully  examined  the 
naked  cast-iron  pillars  removed  from  the  ruins  of  the  Ames  Building, 
Summer  Street,  Boston,  burned  on  Thanksgiving  Day,  1889,  and 
found  that  a  majority  of  them  were  good  enough  to  be  used  again. 
In  this  fire  the  area  burned  over,  and  the  amount  of  combustible  was 
probably  not  very  diflferent  from  that  at  the  Home  store.  The  cast- 
iron  pillars  from  the  ruins  of  one  of  the  Fall  River  Cotton  Mills, 
which  had  its  roof  and  upjoer  story  burned  off  some  fifteen  years  ago, 
were  actually  used  over  again;  and  at  a  mill  which  the  speaker  had 
inspected  in  England  in  1889,  immediately  after  a  fire  which  burned 
off  the  roof,  and  which  was  so  hot  that  it  softened  2-in.  shafting  until 
it  hung  in  festoons,  he  found  nine-tenths  of  the  naked  cast-iron  pil- 
lars ai^parently  good  enough  to  use  again.  In  the  experiments  made 
by  Luehmann  and  Maeller  in  Hamburg  in  1888,  and  in  the  admirable 
series  of  tests  begun  at  the  Continental  Iron  Works  in  Brooklyn  two 
years  ago,  the  naked  cast-iron  pillars,  although  heated  to  dull  red- 
ness, did  not  crack  or  shatter  when  dashed  with  water.  These  tests 
were  few  in  number,  but  the  same  results  were  indicated  by  such  evi- 
dence as  the  si^eaker  had  gathered  from  actual  conflagrations;  and  are 
not  these  pillars  in  the  Home  Ofiice  Building  another  instance?  Or, 
were  the  pillars  out  of  reach  of  the  firemen  until  the  severe  heat  was 
past? 

Another  point  well  brought  out  by  Fig.  2,  Plate  VII,  in  connection 
with  Fig.  1,  i)age  123,  is  the  excellent  power  of  resistance  of  an 
ordinary  brick  partition  wall,  like  that  which  separated  Hall  Brothers 
building  from  the  total  ruin  on  their  left.  It  would  be  interesting  to 
know  how  hot  the  off-side  of  this  party-wall  became  and  how  thick 
it  was. 

Coming  to  the  main  point  of  the  jjaper  and  the  question,  "Can 
buildings  be  made  tire-proof?"  the  speaker  thinks  that,  approaching 
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the  subject  from  a  different  side  and  speaking  broadly,  it  may  be  said  Mr.  Freeman, 
that  tliey  can.  The  way  that  he  would  approach  the  subject  would 
be  by  saving?  that  buildings  like  these  can  be  made  jn-actically  fire- 
proof and  their  contents  very  well  protected  at  an  expense  not  exceed- 
ing 2.\  or  3  cents  per  square  foot  of  floor,  and  the  means  which  he 
would  recommend  for  accomplishing  this  would  be,  not  by  increasing 
the  thickness  of  the  terra  cotta,  but  by  putting  in  automatic 
sprinklers. 

The  speaker  has  studied  the  matter  of  automatic  sjirinklers  very 
carefully  for  the  past  twelve  years.  Their  general  introduction  into 
factories  first  took  place  under  the  auspices  of,  and  with  the  encour- 
agement of,  certain  fire  insurance  companies  with  which  he  has  long 
been  connected  as  Engineer;  and  so,  for  a  long  time,  he  has  had  occa- 
sion to  follow  carefully  their  results  in  extinguishing  and  checking 
the  spread  of  fires.  From  this  experience,  and  from  having  held 
inquests  on  a  great  many  fires,  he  has  no  hesitation  in  saying, 
that  in  a  building  situated  as  was  the  Methodist  Biiilding,  the  inte- 
rior loss  would  have  been  small,  and  confined  mainly  to  water 
damage,  if  it  had  been  jjrotected  by  automatic  sprinklers.  In  the 
case  of  the  Home  Store  Building,  he  believed  that  a  thoroughly  well- 
designed  system  of  automatic  sprinklers  could  have  saved  it,  or,  going 
back  a  step  farther,  there  are  nine  chances  out  of  ten  that  an  equip- 
ment of  sprinklers  would  have  saved  the  Jenkins  Grocery  Store.  The 
only  doubt  concerning  the  efficiency  of  sprinklers  for  saving  the  Home 
Store  Building  is  that  the  area  of  each  of  the  front  windows  is  per- 
haps 25%  greater  than  that  of  the  windows  in  buildings  similarly  sit- 
uated where  sjjrinklers  have  done  most  excellent  service,  and  have 
l^revented  the  fire  from  penetrating  more  than  20  ft.  into  the 
building. 

This  excess  of  window  area  need  not  be  an  insuperable  obstacle, 
for  probably  by  the  use  of  iron  sash  with  wire-glass  for  the  upper 
third  of  the  window,  a  great  increase  of  fire  resistance  could  be 
secured  with  no  sacrifice  of  illuminating  properties.  Indeed,  if  this 
wire-glass  be  properly  corrugated,  the  light  will  be  better  difi'used. 
The  lower  part  of  the  window  might  be  of  ordinary  plate  or  Idown 
glass  as  iisual.  These  sijrinklers,  dotted  all  over  the  ceiling,  10  ft. 
apart,  would  preferably  and  naturally  have  their  feed  pipe  branches 
perpendicular  to  the  face  of  the  building.  Probably  only  two,  or  at  most 
three,  rows  of  heads  nearest  the  exposed  windows  would  have  been 
opened.  The  number  thus  simultaneously  in  play  would  not  be  greater 
than  any  well-arranged  water  pipe  system  would  supply,  and  the  dis- 
tribution of  this  water  in  the  form  of  a  rain  of  jets  and  drops,  more 
copious  than  the  heaviest  shower,  would  drench  nearly  all  the  inflam- 
mable stock  beyond  the  point  of  ignition.  The  water  thus  applied 
would  be  far  more  evenly  distributed  than  from  a  nozzle  in  the  hands 
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Mr.  Freeman,  of  the  best  of  firemen.  Sprinklevs  are  in  truth  very  economical  in 
their  use  of  water.  From  what  the  speaker  had  seen  of  their  work 
elsewhere,  he  believed  they  could  at  least  have  made  it  possible  for 
the  firemen  to  freely  enter  both  of  the  Home  Buildings  and  prevent 
their  destruction. 

As  an  illustration  of  the  comparative  cost  of  protecting  by  auto- 
matic sprinklers  and  by  fire-jiroof  construction,  the  speaker  cites  the 
case  of  one  of  the  most  noted  machine  shops  in  America,  that  of 
Brown  &  Sharj^,  in  Providence.  Mr.  Sharp  wanted  a  building  where 
his  business  would  be  safe  against  interruption  by  fire.  He  built  it  with 
cast-iron  pillars,  brick  arches  and  a  plank  floor  on  top  of  the  arches. 
Such  construction  was  more  expensive  then  than  now,  and  the  build- 
ing is  said  to  have  cost  somewhere  between  ^2.00  and  33.00  per  square 
foot  of  floor.  If  the  building  had  been  of  standard  plank  and  timber 
floor  constriiction,  extra  heavy,  costing  ^1.00  per  square  foot  of  floor 
area,  for  the  entire  structure,  and  had  then  been  supplied  with  auto- 
matic sprinklers,  costing  an  additional  2h  or  3  cents  per  square  foot  of 
floor,  the  result  would  have  been  even  greater  safety  against  interrup- 
tion to  business  by  fire,  and  a  structure  more  proof  against  fire  than  that 
with  iron  pillars  and  brick  arches,  but  without  sprinklers.  In  other 
words,  3  cents  worth  of  sprinklers  would  have  given  fully  as  much 
fire  protection  as  ^1.50  worth  of  brick  arches  and  iron  beams.  In  this 
particular  case,  however,  the  brick  arches  should  be  credited  with  an 
additional  value,  as  they  afforded  a  stiffer  floor  for  fine  machinery. 
The  speaker  makes  this  statement  of  comparative  safety  deliberately, 
after  having  followed  the  records  of  fires  under  sprinklers  quite  care- 
fully, both  in  England  and  in  America,  and  after  having  talked  over 
the  history  of  factory  buildings  and  of  fire-proof  material  in  Lanca- 
shire, England,  at  much  length  with  some  of  their  most  expert  firemen 
and  experienced  fire  underwriters.  The  insurance  records  and  rates, 
based  not  on  isolated  examples,  but  on  very  many  buildings,  show 
that  the  American  type  of  mill  construction  with  its  plank  and  timber 
floors,  wooden  pillars  and  automatic  sprinklers,  is  as  safe  against  fire 
as  the  type  of  cotton  factory  building,  common  in  Lancashire  for  the 
last  fifteen  years,  and  which  has  cast-iron  pillars  and  brick  floor  and 
ceiling  arches,  but  no  sprinklers. 

As  ilhistrating  the  economy  of  making  buildings  fire-proof  by  au- 
tomatic sprinklers,  the  speaker  roughly  estimates  that  the  Horne 
Store  Building  could  be  thus  protected  at  a  cost  of  about  ^2  500.  It 
is  stated  that  the  value  of  the  building  and  contents  was  about 
.$3.57  000,  so  that  less  than  1%  of  the  value  would  have  made  it  very 
nearly  fire-proof,  and  the  loss  in  that  case  would  have  been  mainly 
water  damage  and  the  renewal  of  windows — only  a  fraction  of  the 
actual  damage.  The  fire  insurance  companies,  with  which  the  speaker 
was   connected  as   engineer   for   about   ten   years,    have    on    record 
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instances  of  buildings  where   sprinklers   have  most  admirably  pre-  Mr.  Freeman, 
vented  tires  from  extending  across  narrower  spaces  than  that  between 
the  Home  and  Jenkins  buildings. 

Lest  it  be  thought  impracticable  to  make  a  building  with  large 
floor  areas  tire-proof,  it  may  be  said  that  in  the  insurance  companies 
with  which  the  speaker  is  connected,  risks  have  to  be  taken  on  areas 
five  times  as  large  as  those  mentioned  by  the  author.  For  instance, 
some  mills,  like  the  Ponemah  at  Taftville,  Conn.,  four  or  five  stoi-ies 
high,  have  floors  100  ft.  wide  and  700  ft.  long,  without  j^artitions  from 
end  to  end,  and  in  the  carding  room  a  large  amount  of  cotton,  cer- 
tainly qiaite  a  combustible  substance,  is  exposed.  The  number  of 
such  very  large  rooms  is  too  small  to  give  a  fair  average  experience, 
but  no  fire  has  yet  started  in  a  large  room  having  sprinklers,  with  an 
ample  water  supply,  which  has  not  been  brought  under  control  or 
held  W  them,  so  that  men  with  hose  streams  could  readily  control  it. 
In  fact,  the  speaker  can  say,  after  watching  for  ten  years  the  fire 
records  in  perhaps  2  000  factories  protected  by  automatic  sprinklers, 
that  a  case  has  never  occurred  where  such  sprinklers,  supplied  under 
a  static  jjressure  of  say  30  lbs.,  and  through  pipes  laid  out  on  a 
reasonably  good  scale,  have  ever  failed  to  hold  the  fire  in  check  so 
that  the  firemen  could  very  readily  take  care  of  and  extinguish  it.  The 
only  cases  which  can  be  classed  as  doubtful  are  those  where  the  fire 
Avas  at  first  shielded  from  the  action  of  s^jrinklers  and  gained  such 
headway  before  breaking  forth  as  to  open  more  sjjrinklers  than  the 
available  water  could  supply. 

The  discussion  of  automatic  sj>rinklers  appears  to  come  here  fairly 
as  an  answer  to  the  title  of  the  ijajjer.  In  btiildings,  so  high  as  to  be 
beyond  the  reach  of  the  ordinary  appliances  of  the  fire  dejiartment, 
with  large  floor  areas  and  with  contents  of  a  combustible  nature,  the 
speaker  believes  automatic  sprinklers  to  be  almost  the  only  adequate 
protection  obtainable. 

When  a  sprinkler  system  is  installed  in  a  building  where  the  street 
mains  do  not  afford  sufficient  jjressure,  a  supply  of  water  may  best  be 
stored  permanently  on  the  roof.  The  tank  in  such  cases,  should  be 
as  large  as  possible,  and  should  have  a  capacity  of  at  least  10  000 
galls.,  and  the  sprinkler  system  should  have  ample  steamer  concentra- 
tions at  the  sidewalk  level.  A  10  000-gall.  tank  may,  under  severe  cir- 
cumstances, be  emptied  in  ten  minutes,  if  50  sprinklers  happen  to 
open  at  once,  and  the  speaker  would  consider  such  a  system,  fed  from 
a  tank,  worth  only  about  half  as  much  as  one  fed  by  a  6-in.  or  8-in. 
pijje  under  75  lbs.  pressure. 

In  reference  to  proportioning  the  sizes  of  pipes  supplying  sprink- 
lers, the  speaker  thinks  that  the  schedule  of  sizes  in  most  common 
use  is  not  quite  adequate  for  the  number  of  sprinklers  necessary  to 
cope  with  a  widely  spread   fire  on  the  upper  floors  of  a  building  as 


156  DISCUSSION    ON    FIRE-PKOOF   CONSTRUCTION. 

large  as  tlie  Home  Store  Building  ;  but  it  is  very  easy,  by  the 
ordinary  rules  of  hydraulics,  to  proportion  the  sprinkler  system  so 
that  it  will  take  care  of  any  ordinary  or  even  extraordinary  fire,  and 
hold  it  from  spreading,  give  the  firemen  time  to  extingiiish  the  stray 
sparks  at  their  leisure,  and  still  keep  the  cost  in  a  large  job  untler  20 
or  3  cents  per  square  foot  of  floor. 

As  to  the  use  of  wire-glass  to  help  make  buildings  fire-proof,  the 
speaker  strongly  endorses  the  remarks  of  Mr.  Constable,  having  him- 
self experimented  upon  it  and  made  use  of  a  considerable  quan- 
tity in  skylights  and  liartitions.  He  has  not  had  opjjortunity  to 
examine  any  that  had  gone  through  a  bad  fire,  but  his  tests  of  small 
sheets  and  some  tests  on  large  sheets  made  in  Philadelphia  gave  ex- 
cellent grounds  for  relying  upon  it.  That  which  the  writer  used  for 
skylights  about  four  years  ago  had  cracked  somewhat  under  the  action 
of  sun,  heat  and  cold,  possibly  because  the  sheets  were  too  large,  but 
since  that  time  the  process  of  manufacture  is  said  to  have  been  so 
much  improved  that  this  cracking  does  not  occur.  In  the  Home 
Store  Building  wire  glass  might  not  only  have  been  very  useful  for 
the  upper  third  of  the  very  large  window  areas,  but  also  for  forming  a 
curtain  or  pocket  3  or  4  ft.  deep  around  the  open  central  well  just 
under  the  ends  of  each  floor,  by  which  the  passing  of  heat  and  flame 
from  story  to  story  would  have  been  retarded.  This  would  also  have 
jn-evented  the  unnecessary  opening  of  automatic  sprinklers  (had  there 
been  any)  in  floors  above  the  seat  of  the  fire.  Within  the  past  few 
months  the  speaker  has  used  this  wire-glass,  set  in  cast-iron  window 
frames,  for  certain  small  storehouse  windows,  with  great  advantage, 
in  a  situation  where  fire  shutters  would  be  difiicult  to  maintain. 

In  reference  to  the  use  of  fire  shutters,  the  sjjeaker  recalls  many  in- 
stances where  their  value  as  fire-retarders  has  been  shown.  In  the  great 
fire  in  Lynn,  Mass.,  some  eight  or  nine  years  ago,  he  happened  to 
have  the  good  fortune  to  be  in  the  city,  and  followed  the  fire  from 
l^oint  to  point.  A  very  instructive  example  of  the  value  of  shutters 
was  observed  in  the  case  of  a  shoe  factory,  close  to  the  burned  dis- 
trict, and  separated  from  a  two  or  three-story  wooden  building  only 
by  an  alley  perha^^s  15  ft.  wide.  The  windows  Avere  protected  by 
shutters  about  IV  ins.  thick,  covered  on  both  sides  with  tin,  and  the 
heat  was  so  great  that  much  of  the  tin  was  melted  from  the  outside  of 
the  iron  plates.  The  wood  of  the  shutters,  as  found  by  a  subsequent 
examination,  was  charred  in  perhaps  }  in.  The  shutters  were  warped 
in  some  cases  1  or  2  ins. ;  but  the  point  of  chief  interest,  as  demon- 
strated by  that  fire,  was  that  tin-clad  shutters  j^revented  the  passing 
of  heat  to  such  an  extent  that  men  could  work  behind  them  and  stand 
close  to  the  windows  with  pails  and  tin  dippers,  and  whenever  a 
window  sash  caught  fire  could  put  it  out.  The  men  who  fought  the 
fire  in  that  factorv  said  that  if  the  shutters  had  been  iron  they  doubted 
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if  they  could  have  stood  there,   and,   from  experiments  which   the  Mr.  Freeman, 
speaker  has  made  on  iron  shutters,  he  also  doubts  it,  as  under  such  a 
heat  the  iron  sometimes   gets  red-hot  and  crawls,  twists  and  curls 
badly — oi^eniug  wide  cracks  at  the  edges. 

With  the  tiu-clad  wooden  shutter,  just  as  with  the  cast-iron  pillar, 
there  is  a  limit  beyond  which  it  cannot  be  relied  on  to  serve,  and  that 
limit  is  not  reached  in  perhaps  one  tire  out  of  ten.  The  si^eaker  has 
had  good  oj^portunities  to  study  the  matter  during  the  i^ast  ten  years. 
In  the  so-called  Peabody-Whitney  fire,  in  Boston,  there  was  a  mass  of 
flame,  probably  greater  than  that  in  the  Pittsburg  fire,  playing  right 
against  windows  distant  only  across  an  alley-way  about  15  ft.  wide, 
anti  there  the  limit  of  endurance  of  tin-clad  shutters  was  passed. 

It  has  been  the  speaker's  intention  to  complete  some  experiments 
on  fire  shutters  commenced  aboiit  a  year  ago,  but  never  finished  for 
want  of  a  suitable  building  on  which  to  test  them.  He  had  begun  by 
having  about  twenty  shuttei-s  made  in  different  ways,  and  had  tried 
some  comjiarative  tests  by  simply  hanging  a  shutter  of  the  ordinary 
size  over  the  big  flanging  fire  in  the  center  of  a  large  boiler  shoi). 
Each  shutter  Avas  hung  the  same  distance  from  the  floor,  and  the 
blaze  was  regulated  so  that,  as  far  as  possible,  judging  by  the  eye,  the 
same  degree  of  heat  was  obtained.  So  far  as  these  tests  went  they 
showed  that  there  is  nothing  better  than  the  ordinary  type  of  tin-clad 
wooden  shutter,  but  they  also  indicated  that  the  ordinary  nails  are 
not  long  enough,  and  that  lock-joiutiug  the  edges  of  the  tin  is  not 
necessary  if  the  nails  are  long.  The  heat  runs  in  along  the  nails  and 
chars  the  wood  around  them  to  a  depth  of  about  f  in.,  so  that  if  4 -in. 
or  1-in.  nails  have  been  used,  there  is  not  much  left  beyond  the  heated 
portion  for  the  sound  wood  to  grip.  Without  doubt,  the  limit  of  en- 
durance of  fire-doors  can  be  very  much  increased  by  using  long  nails. 
For  subdivided  areas,  where  a  door  in  a  fire  wall  is  needed,  the 
speaker  has  for  some  time  past  recommended  that  two  fire-doors  be 
put  in  ;  one  to  take  the  brunt  of  the  battle,  and  the  other  to  hold 
back  the  stray  streaks  of  flame  which  would  get  through  after  the 
first  door  had  warped  or  begun  to  yield. 

Plate  X  is  from  a  photograph  of  the  ruins  of  a  very  interesting  fire 
which  occurred  at  Worcester,  Mass.,  a  year  ago,  and  shows  that 
naked  steel  framing  girders  of  ordinary  I-beams  or  bixilt-up  columns 
have  not  a  fraction  of  the  endurance  of  cast  iron  and  wood.  The  fire 
occurred  in  the  spring  shojj  of  the  Washburn  &  Moen  Manufacturing 
Company,  a  building  where  they  coil  wire  springs.  Much  of  the 
work  was  heavy,  such  as  large  springs  of  j-in.  wire  for  the  Westing- 
house  air  brake  and  other  work  of  that  nature.  The  building  had 
very  large  window  areas  and  had  a  steel  frame  composed  of  built-up 
steel  columns  of  channel  bars  with  diagonal  latticed  work  on  the  sides 
uniting  them.     All  the  girders  were  built  up,  and  the  building  was 
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Mr.  Freeman,  only  two  stories  high.  The  only  woodwork  about  it  was  the  floor  and 
the  roof.  That  building  was  considered  by  Mr.  Moen  so  extremely  safe 
that  it  was  absolutely  absurd  to  consider  having  sprinklers  in  it.  It 
should  be  mentioned,  however,  that  the  floor  was  somewhat  oily,  due 
to  the  oil  which  had  spattered  out  from  the  tanks  in  which  the  springs 
were  tempered;  but  at  the  time  of  the  Are,  which  occurred  on  Sunday 
afternoon,  this  oil  had  all  been  withdrawn  from  the  tanks,  and  the 
only  oil  in  the  building  was  that  which  had  soaked  into  this  wooden 
floor. 

The  floor  was  of  3-in.  plank;  the  roof  of  2-in.  plank,  and  some 
light  rafters,  perhaps  8  ins.  x  12  ins.,  supported  the  roof.  The  Are 
commenced  at  about  five  or  six  o'clock  in  the  afternoon,  and  in  about 
15  or  20  minutes  "everything  slumped,"  as  an  observer  described  it. 
The  fire  had  evidently,  at  that  time,  reached  the  critical  point  men- 
tioned by  Mr.  Constable,  somewhere  about  700  or  800°  Fahr.  It  is 
interesting  to  observe  the  tangled  mass  of  ruins.  Some  of  the  wooden 
rafters  were  only  burned  in  about  f  in.  on  the  face,  by  a  fire  which 
completely  wrecked  the  building  and  dumped  everything  into  the 
cellar.  The  wreckage  was  absolutely  without  value,  as  it  cost  more 
to  remove  it  than  the  scrap  was  worth. 

Perhaps  one  reason  why  ordinary  brick-work  stands  fire  so  well  is 
that  the  units  are  so  small,  and  just  as  the  man  who  builds  a  Port- 
land cement  sidewalk  cuts  it  up  into  squares  of  moderate  size  to  pre- 
vent strains  and  cracks,  and  just  as  Mr.  Hermann  Schussler  in  build- 
ing the  San  Mateo  Dam  of  concrete,  made  it  in  blocks  of  limited  size 
so  as  to  have  some  "  give  "  between  the  units,  just  in  the  same  way 
the  small  size  of  ordinary  brick  as  compared  with  the  regular  terra 
cotta  blocks  may  jiresent  a  reason  why  the  bricks  stand  so  much 
better. 


CORRESPONDENCE. 


Mr.  Kaufman        GusTAVE  Kaufman  and  Emil  Swensson,  Members  Am.  Soc.  C.  E. — 

Mr  Swensson  Owing  to  the  failure  of  the  author  so  to  do,  the  writers  take  the  liberty  to 

state  that  they,  in  connection  with  F.  L.  Garlinghouse,  C.  E.,  formed 

the  Board  of  Engineers,  referred  to  in  the  paper,  that  reported  on  the 

efi'ects  of  the  Pittsburg  fire  to  the  Board  of  Insurance  Adjusters. 

The  narrative  of  the  fire  as  given  by  the  author  is  correct,  as  is  also 
the  statement  of  the  effects  of  the  fire  on  the  structure,  and  the  writers 
would  have  no  comments  to  make  were  it  not  for  the  adverse  criticism 
made  upon  their  conclusions,  and  for  several  statements  of  the  author, 
for  which  there  would  appear  to  be  but  slight  or  erroneous  reasons. 
One  of  these  is  that  the  cinder  concrete  forming  the  filling  above  the 
floor  arches  was  entirely  decomposed  by  the  heat.     The  writers  would 
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like  to  know  how  the  author  arrived  at  this  conclusion.  It  is  a  well-  Mr.  Kaufman 
known  fact  that  much  so-called  concrete  is  no  concrete  at  all,  but  in  Mr.  Swentson 
the  opinion  of  the  writers,  it  is  a  very  rash  assertion  to  make,  that  this 
concrete  was  destroyed  by  the  heat,  in  the  absence  of  jjroof  as  to  the 
condition  of  the  filling  before  the  fire.  In  certain  spots  on  the  first 
floor,  where  the  wooden  flooring  boards  were  not  burned,  the  filling 
underneath  was  in  the  same  decomposed  condition  as  the  other  concrete 
filling  throughout  the  building,  and,  in  the  opinion  of  the  writers,  it  is 
doubtful  whether  this  concrete  filling  ever  had  set. 

The  writers  would  also  like  to  ask  the  author  what  evidence  he  has 
upon  which  to  base  the  statement  that  the  deflection  of  the  concrete 
floor  arches  in  the  Methodist  Building  has  been  increased  by  the  fire? 
Did  he  have  a  measurement  of  the  amount  of  the  deflection  before  and 
after  the  fire? 

In  regard  to  the  statement  of  the  author,  "  that  the  fire  teaches 
nothing  as  to  the  real  fire-proof  qualities  of  good  concrete  in  floor 
construction,  because  the  floors  in  the  Methodist  Building  were  not 
subjected  to  a  real  test.  The  heat  on  the  outside  of  this  building  was 
only  a  fraction  of  what  it  was  on  the  other  buildings,  as  testified  to 
by  the  firemen  and  by  the  fact  that  the  stone  trimmings  in  the  exterior 
walls  were  only  slightly  injured." 

It  is  i^resumed  that  the  testimony  of  the  firemen  was  taken  by  the 
author,  as  the  writers  have  no  knowledge  of  such  being  otherwise 
taken.  Verbal  opinions  are  not  testimony.  The  stone  trimmings  of 
this  building  are  of  Beaver  Valley  sandstone,  a  stone  which  has  fire- 
resisting  qualities  equal  almost  to  that  of  fire-brick,  while  the  Indiana 
limestone  used  on  the  other  buildings  is  notoriously  poor  in  resisting 
fire. 

In  the  report  of  the  writers  to  the  insurance  adjusters  there  was 
no  statement  made  that  this  fire  proved  that  concrete  was  a  better 
fire-proof  material  than  burnt  clay ;  in  fact,  the  writers  were  very  care- 
ful to  make  no  statements  of  that  kind.  They  did,  however,  say,  that 
the  tests  made  by  the  building  department  of  New  York  City  proved 
that  properly  made  concrete  was  as  good  if  not  better  than  burnt 
clay. 

One  of  the  most  important  features  in  the  writer's  report  was  en- 
tirely ignored  by  the  author,  namely,  that  there  Avas  a  lateral  motion 
of  the  Avhole  building  amoixnting  to  2  ins.  A  careful  study  of  the 
columns  showed  that  there  was  considerable  distortion  within  that 
limit.  The  Board  of  Engineers  attributed  to  this  fact  the  scaling  off 
of  the  lower  webs  of  the  clay  fire-proofing.  It  must  be  remembered 
that  none  of  the  floor  arches  above  the  second  floor  were  exposed  to 
streams  of  water.  With  these  facts  before  it,  the  board  made  the 
statement  that  the  fire-clay  floor  was  unable  to  counteract  the  tendency 
to  lateral  motion.  The  author's  statements  that  "a  panel  surrounded 
by  iron  will  enlarge  in  area  if  the  iron  expands,"  and  that  "  the  pro- 
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Mr.  Kaufman  cess  of  expansion  would  seem  to  relieve  tlie  arch  in  whole  or  in 
Mr.  Swensson.  part  instead  of  bringing  any  strain  to  bear  upon  it  tending  to 
its  destruction,"  would  be  true  did  the  panel  retain  a  similar 
shape,  but  if  there  is  distortion  the  arches  will  certainly  give  way. 
The  careful  instrumental  examination  made  by  the  Board  of  Engi- 
neers should  conclusively  show  that  there  was  distortion  sufficient 
to  cause  the  lower  webs  to  scale  off.  On  account  of  the  fire- 
proofing  having  been  stripped  from  the  columns,  the  writers  also 
made  the  statement  that  the  column  protection  was  not  of  sufficient 
strength. 

This  building  was  only  six  stories  high,  and  had  it  been  fifteen 
stories  high  it  would  have  been  necessary  to  take  the  whole  structure 
down,  had  the  leaning  been  at  the  same  jDroportion  as  developed  in 
this  fire.  The  writers,  after  a  carefixl  perusal  of  this  paper,  see, 
as  yet,  no  reason  to  change  their  most  im^jortant  conclusion,  which 
was  as  follows:  That  the  fire-proofing  material  should  in  itself  be 
strong,  and  be  able  to  resist  severe  shocks,  and  should,  if  possible,  be 
able  to  prevent  the  unequal  exi^ansion  of  the  steel  work  and  fire- 
proofing. 

There  seems  to  be  but  one  material  that  is  now  known  that  could 
be  utilized  to  accomplish  these  results,  and  that  is  first-class  concrete. 
The  fire-resisting  qualities  of  properly  made  concrete  have  been  amply 
proven  to  be  equal  to,  if  not  better  than,  fire-clay  tile,  as  shown  by 
the  series  of  tests  carried  on  by  the  Building  Department  of  the  City 
of  New  York. 

From  the  experience  gained  in  street  railway  construction  in  lay- 
ing continuous  rails,  it  is  shown  to  be  to  a  large  degree  possible  to 
l^revent  the  metal  from  expanding.  In  street  railway  work  this  has 
been  accomplished  merely  by  the  adhesion  of  the  pavement  to  the 
sides  of  the  rails.  In  building  construction  the  same  results  could  be 
obtained  by  encasing  the  columns  and  girders  in  concrete  placed  di- 
rectly against  the  steel  work.  The  adhesion  of  the  concrete  would  to 
a  large  degree  prevent  unequal  expansion  of  the  concrete  and  steel. 
The  construction  herein  suggested  should  not  materially  increase  the 
cost  of  construction.  The  solid  concrete  about  the  columns  would  be 
added  strength  to  the  same,  and  could,  no  doubt,  be  made  self-sup- 
porting. The  same  could  be  said  of  concrete  surrounding  beams 
and  girders,  as  has  been  amply  demonstrated  by  the  strength  de- 
veloped by  concrete  iron  constructions,  such  as  the  Monier  and  Melan 
arches. 

One  of  the  objections  that  would  be  raised  against  this  construc- 
tion would  be  that  it  could  not  be  carried  on  in  freezing  weather. 
This  is  a  proper  objection,  but,  in  the  opinion  of  the  writers,  there 
is  no  valid  reason  why  these  structures  should  be  built  in  winter  any 
more  than  were  the  old-time  brick  structures. 
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Mace  MouLTON,  M.  Am.  Soc.  C.  E. — It  is  a  matter  of  congratula-  >lr.  Moulton. 
tion  that  the  author  should  present  at  this  time  such  an  able  paper 
on  rire-pi'oof  construction,  as  there  is  certainly  much  need  that  all 
possible  light  should  be  thrown  on  this  important  subject,  involv- 
ing, as  it  does,  the  i^rotection  of  human  life  and  vast  proprietary 
interests  in  all  classes  of  important  buildings  and  their  valuable 
contents.  It  is  certainly  advantageous  that  the  effects  of  the  more 
recent  large  fires  should  be  cited  and  discussed,  as  they  describe 
several  varieties  of  fire-proofing  subjected  to  diverse  conditions  and 
showing  much  variation  in  the  results  of  their  trials. 

The  writer,  however,  shoiild  have  been  glad  to  have  read  some- 
thing by  the  author  regarding  the  value  of,  and  his  deductions  from, 
the  Denver  tests,  and  the  more  recent  ones  in  New  York  City,  on  the 
various  systems  of  fii*e-proofing  as  applied  to  fioors,  and  he  trusts  that 
the  discussion  will  bring  out  some  points  observed  during  these  tests 
which  may  help  to  a  better  comiDrehension  of  the  facts  which  are 
shown  by  the  remains  of  the  so-called  fire-proof  buildings  after  the 
test  of  a  hot  fire. 

In  the  published  reports  of  the  several  large  fires  which  have  oc- 
curred during  the  last  few  years  in  buildings  supposed  to  be  fire- 
proof, the  conclusions  drawn  from  the  observed  facts  appear  to  the 
student  of  this  question  to  be  diverse,  and  these  conclusions  are  by 
men  whose  engineering  judgment  would  generally  be  considered  suf- 
ficiently good  to  command  for  them  respectable  fees  when  consulted. 
In  a  certain  sense  all  are  in  the  student  grade  in  considering  these 
matters,  and  are  in  such  a  condition  that  each  conclusion  drawn  by 
another  is  examined  to  see  if  a  true  settlement  of  a  certain  question 
has  been  reached  and  a  real  step  forward  accomplished. 

In  regarding  the  paper  in  this  spirit  the  writer  is  hardly  able  to 
agree  with  some  of  the  author's  deductions,  while  others  seem  to  be 
the  only  true  ones.  It  does  not  seem  quite  evident  to  the  wi'iter, 
from  the  author's  report  of  his  examination,  or  from  any  other  infor- 
mation available  regarding  the  condition  of  the  concrete  immediately 
under  the  wooden  flooring  of  the  Home  buildings,  that  the  concrete 
was  disintegrated  by  the  fire  or  by  the  water. 

The  usual  practice  on  tile  floors,  and,  in  fact,  in  most  fire-proofing 
systems,  is  to  put  what  is  termed  "filling"  over  the  main  arches, 
which  filling  is  not  supposed  to  contribute  materially  either  to  the 
strength  of  the  arches  or  to  the  fire-proofing,  except  as  it  may  fill  up 
the  spaces  between  the  main  sustaining  arch  or  plate  and  the  finished 
floor,  thus  preventing  a  free  circulation  of  hot  air  or  flame,  and  serv- 
ing as  a  light-weight  ijacking  about  the  wooden  sleejDcrs  to  which  the 
flooring  is  nailed.  This  filling,  being  somewhat  a  secondary  matter, 
is  frequently  very  weak  when  considered  as  concrete,  but  it  is  incom- 
bustible.     Naturally,  then,  in   case   this   practice   was   followed  in 
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:Mr.  Moulton.  making  the  floors  of  the  Home  building,  as  seems  jjrobable,  the  ap- 
pearance would  not  be  that  of  well-made  concrete,  but  might  readily 
be  as  poor,  when  compared  to  good  concrete,  as  reported  by  the 
author,  and  still  be  doing  the  duty  for  which  it  was  jjut  in,  simply  to 
fill  space  closely  with  an  incombustible  material.  It  therefore  seems 
to  the  writer  that  the  concrete  over  the  tile  arches  was  not  seriously 
injured  by  the  fire,  but  was  practically  in  its  original  condition  as 
put  in. 

The  fire  in  the  Methodist  Building  evidently  was  not  hot  enough 
to  injure  the  concrete  flooring,  and  the  partitions  in  this  building, 
with  wooden  studs,  certainly  could  not  have  been  put  in  with  the  in- 
tention to  make  them  fire-proof,  but  probably  the  expanded  metal 
lath  was  used  with  the  expectation  that  it  would  hold  the  plaster 
longer  in  a  fire  than  wooden  lath,  and  thus  give  the  partitions  a  cer- 
tain value  as  a  retarding  element  to  the  progress  of  the  flames.  In 
nearly  all  the  large  fires  recently  rejiorted  on,  where  plaster  occurs  in 
connection  with  fire-proof  construction,  there  appears  to  be  very  little 
bond  between  the  plaster  and  the  surfaces  to  which  it  is  apj)lied. 
This  would  seem  a  fair  field  for  improvement.  Can  plaster  be  made 
to  stick  well  enough  to  withstand  the  alternate  attacks  of  fire  and 
water  ?  It  is  generally  admitted  that  lime  mortar  jjlaster  is  in  itself 
A  good  fire  resister,  better  in  fact  than  hard  j^laster  when  subjected  to 
water  after  heating.  The  question  then  would  be  to  get  it  to  stay  on 
better,  and  thus  the  first  stage  of  destruction  would  be  retarded  and 
the  destroyer  kept  away  from  the  skeleton  longer. 

The  writer  agrees  with  the  author  that  flat  ceilings  are  best,  and 
he  would  go  to  the  extent  of  stretching  suspended  ceilings  under  any 
system  of  flooring  fire-proofing,  which  did  not  fill  the  space  between 
the  joists  or  beams,  in  order  to  get  the  best  conditions;  but  would 
fire-proof  all  of  that  part  of  the  beams  projecting  below  the  main  arch 
or  plate  just  as  thoroughly  as  if  no  secondary  ceiling  was  contemplated 
or  used.  In  such  cases  this  would  act  as  an  obstruction  which, 
although  it  could  not  be  expected  to  last  long  under  the  severe  heat, 
or  the  assaults  of  the  stream  from  the  hose,  might  be  dej^ended  ui>on 
to  retard  the  heating  up  of  the  fire-iDroofiug  and  also  the  metal  skele- 
ton, and  leave  the  fire-j^roof  material  less  likely  to  be  broken  ont  by 
the  sudden  contraction  when  water  struck  it  than  was  the  case  at  the 
Pittsburg  and  the  Chicago  Athletic  Club  fires  quoted  by  the  author. 

In  relation  to  the  Athletic  Club  fire,  the  writer  cannot  see  how  the 
author  can  quote  this,  as  an  instance,  to  prove  the  statement  that  4-in. 
porous  hollow  tile  jjartitions  will  stand  tire  and  water  without  material 
injury,  if  the  i:)ublished  rejjorts  of  that  fire  and  the  photographs  of  the 
condition  of  the  partitions  are  to  be  believed.  One  report  says  that 
the  firemen  explained  the  absence  of  any  great  amount  of  debris  of  the 
destroyed  portions  of  the  partitions  by  observing  that  the  heated  tile 
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appeared  to  disintegrate  into  powder  wbeu  the  water  struck  it.     This  Mr.  Mouitou. 
was  a  case  of  porous  hollow  tile  apparently  well  set,  and  it  seemed  to 
siift'er  worse  than  that  in  the  Home  office  buildiuo;  which  was  improp- 
erly set. 

It  ajjpears  to  the  writer  that  too  much  is  being  expected  from  4-in. 
hollow  walls  thus  made,  and  he  believes  that  something  thicker  and 
more  elaborate  will  have  to  be  made  if  partitions  are  to  be  fire-resist- 
ing walls,  as  the  force  of  the  stream  of  water  is  in  itself  in  some  cases 
sufficient  to  knock  out  parts  of  them. 

The  writer  is  glad  to  note  the  disposition  of  different  manufac- 
turers of  lire-prooflug  systems  to  do  so  much  in  the  way  of  building 
samjjles  for  testing  by  experts,  and  it  is  to  be  hoped  that  exceedingly 
careful  and  intelligent  records  will  always  be  made  and  wide  jjublica- 
tion  given  to  them,  so  that  workers  and  students  in  this  field  may  have 
the  opportunity  to  study  them  understandingly,  and  as  far  as  possible 
profit  by  them  in  practice. 

CoKYDON  T.  PuKDY,  M.  Am.  Soc.  C.  E. — In  resistance  to  the  effects  Mr.  Purdy. 
of  fire,  cast-iron  columns  have  an  advantage  over  ordinary  steel  col- 
umns. They  are  in  one  piece,  and,  especially  in  the  lighter  sections, 
are  not  as  thin  as  those  of  steel;  but  aside  from  this,  it  is  probably 
true,  as  stated  by  Mr.  Freeman,  that  cast-iron  columns  will  resist  fire 
better  than  built-up  steel  columns  of  the  same  strength.  Neverthe- 
less, in  public  estimation,  the  former  are  giving  way  to  steel  as  desira- 
ble columns  for  large  buildings,  because  cast  iron  is  not  as  reliable, 
and  will  not  admit  of  the  use  of  rivets  in  connections,  upon  which  the 
general  stiffness  of  an  iron  frame  largely  depends.  In  special  cases 
cast-iron  shells  over  steel  columns  are  very  desirable  as  fire-proofing. 

The  author  also  agrees  with  Mr.  Freeman  regarding  the  excellent 
resistance  of  ordinary  brick-work  to  fire.  It  would  seem  to  have  been 
demonstrated  sufficiently  that  nothing  is  better. 

From  personal  observation  the  author  came  to  the  conclusion  that 
the  cinder  concrete  over  the  floor  arches  in  the  Home  Buildings  was 
•entirely  decomposed  by  the  heat.  Good  cinder  concrete  has  the  repu- 
tation of  enduring  heat  better  than  any  other,  and  although  he  could 
not  find  out  how  this  concrete  was  made,  yet  the  fact  that  it  had  little 
or  no  coherence  after  the  fire  indicates  that  its  character  was  poor. 

The  author  is  not  prepared  to  prove  that  the  deflection  of  the  con- 
crete floors  in  the  Methodist  building  was  increased  by  the  fire.  His 
statement  in  reference  thereto  is  not  a  definite  assertion;  however,  he 
thinks  that  reliable  evidence  to  jjrove  that  it  was  thus  increased  can 
be  obtained.  If  the  fire  cannot  be  blamed  for  the  deflection  afterward 
existing,  that  particular  piece  of  floor- work  is  certainly  open  to  severe 
criticism;  for  the  deflection  was  more  than  twice  as  great  as  the  max- 
imum usually  allowed,  and  was  unpleasantly  noticeable  in  the  finish. 
If  the  fire  did  not  increase  the  deflection  or  otherwise  injiire  the  con- 
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Mr.  Purdy.  Crete,  the  question  might  also  be  asked,  -why  did  the  owner,  when  the 
building  was  repaired,  re-enforce  with  new  beams  the  arches  which 
had  been  exposed  to  the  fire  ? 

In  order  to  get  the  best  testimony  regarding  the  heat  of  the  fire,  and 
an  accurate  story  of  its  progress,  the  author  interviewed  the  firemen 
and  made  memoranda  of  the  facts  as  given  by  the  chief  having  charge 
of  the  force.  He  has  refrained  from  any  extended  criticism  of  the  re- 
port made  by  Messrs.  Kaufman,  Swensson  and  Garlinghouse,  because 
such  reference  was  not  necessary  in  bringing  out  the  lessons  of  the 
fire,  and  did  not  seem  to  be  appropriate.  He  does  not  coincide  with 
them  in  their  deductions.  They  practically,  and  in  effect,  argue  that 
protection  from  heat  is  not  the  ultimate  desideratum,  and  this,  from 
his  point  of  view,  is  the  greatest  mistake  of  all.  On  the  other  hand, 
he  is  in  entire  sympathy  with  Mr.  Prichard's  view  of  the  matter.  If 
beams  can  be  protected  so  well  that  a  temperature  of  2  000^  will  not 
injure  the  paint  on  them,  their  expansion  need  cause  no  apprehension. 
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WITH  DISCUSSION. 

Mucli  valuable  literature  has  already  been  given  to  the  engineering 
world  on  the  subject  of  rope  driving,  and  it  is  not  the  author's  inten- 
tion to  review  the  subject  generallv,  but  merely  to  call  attention  to 
the  perplexing  problems  which  occur  in  driving  with  ropes,  where  the 
driving  and  driven  sheaves  are  of  iiuequal  diameters,  and  especially 
where  the  driving  wheel  is  the  larger  ;  as,  for  example,  in  the  dynamo 
drive.  It  is  acknowledged  that  in  such  drives,  as  usiially  installed, 
where  the  ropes  are  applied  as  one  continuous  vo-pe  with  tension  car- 
riage, they  will  not  i^ull  equally,  and,  as  a  result,  a  few  of  them  do  the 
major  part  of  the  work,  and  consequently  it  is  now  recognized  that  a 
factor  of  safety  of  from  30  to  40  is  necessarily  employed  to  cover  the 
inequality  of  tension,  imj^erfections  in  mechanism,  weakness  due  to 
grease,  splice,  etc. 

The  author  is  satisfied  that  while,  by  the  usual  method  of  figuring, 
a  factor  of  safety  of  30  api^arently  is  employed,  he  may  be  able  to 
prove  that  frequently  the  actual  factor  of  safety  is  not  more  than  15. 
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In  considering  the  problem  of  rope  driving,  it  is  well  to  bear  in 
mind  the  following  undisputed  facts  : 

First. — For  efficiency  in  rope  driving,  it  is  absolutely  necessary  to 
increase  the  driving  power  of  the  rope  by  making  angular  grooves 
in  the  pulleys,  the  common  practice  being  to  make  the  angle  45 
degrees. 

Second. — The  driving  poAver  of  the  rope  increases  rapidly  as  the 
arc  of  contact  is  increased  ;  for  example,  the  relative  power  of  an  arc 
of  120=  is  only  75%"  of  that  represented  by  180  degrees. 

Third. — The  greater  the  angle  of  incline  of  the  grooves,  the  less 
will  be  the  wear  of  the  ropes  ;  the  power  wasted  due  to  the  pulling 
out  of  the  rope  from  the  groove  will  also  be  reduced.  This  waste,  how- 
ever, is  not  as  great  as  it  is  usually  considered. 

Hence,  in  designing  a  ro^je  drive  of  the  character  under  considera- 
tion, the  first  thing  to  determine  is  the  sharpest  angle  of  groove  per- 
missible for  efficiency  and  wear  of  rope  ;  assume,  then,  that  45°  is  to  be 
adopted  as  the  minimum  angle  of  groove,  especially  as  this  accords 
with  the  judgment  of  a  majority  of  engineers. 

Given,  therefore,  the  smaller  pulley  with  its  smaller  arc  of  contact 
grooved  to  45°,  the  larger  pulley  may  with  its  greater  arc  of  contact 
have  a  greater  angle  of  groove,  without  losing  driving  effect,  and 
therein  is  a  saving,  for  with  the  wider  angle  of  groove,  the  rope  wears 
less,  and  there  is  less  power  wasted  due  to  the  pulling  of  the  rope  out 
of  the  groove. 

In  a  transmission  of  this  character,  if  the  arc  of  contact  of  the  small 
pulley  is  150°,  and  of  the  large  pulley  210°,  and  assuming  a  coeffi- 
cient of  friction  of  .12,  the  angle  of  the  small  pulley  being  45°,  then 
the  proi^er  angle  for  the  large  pulley  would  be  about  *  65°  for  equal 
adhesion  on  both  wheels.  Such  transmissions  are  of  very  common 
occurrence. 

Assuming,  therefore,  that  the  ropes  are  uniform  throughout,  it  is 
found  that : 

By  widening  the  groove  of  the  larger  jiulley,  the  waste  of  power 
may  be  minimized,  the  life  of  the  rope  prolonged,  and  at  no  addi- 
tional exi)ense,  either  for  sheaves  or  loss  of  driving  effect. 

The  author  will  now  attempt  to  prove  that  using  the  wider  angle  in 
the  larger  pulley  with  the  continuous  rope  plan  of  driving,  and  with 
*  See  Table  No.  5,  page  170. 
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1  LB 


2  LBS. 


168  MILLER   ON    A    PROBLEM    IN    ROPE    DRIVING. 

the  same  strain  on  tlie  driving  rope,  there  is  a  large  increase  of  power- 
transmitting  capacity. 

Before  j^roceediug,  it  is  well  to  review  tlie  elements,  or  the  ele- 
mentary part  of  rope  driving,  so  as  to  clearly  fix  in  ane's  mind  exactly 
what  takes  place  in  each  of  the  ropes  in  driving. 

For  instance,  in  imagination,  try  a  few  simple  experiments  :  Mount 
a  sheave  wheel  suitable  for  rope  driving,  grooved  to  45-,  so  that  it 
cannot  revolve  ;  place  in  the  groove  a  short  jjiece  of  rope  having  on 
one  end,  say,  a  10-lb.  weight ;  then  put  on  the  other  end  weights  until 
the  rope  is  just  ready  to  slip  (see  Fig.  1).  It  may  he  that  the  10-lb. 
weight  will  support  25  or  30  lbs.,  or  even  50  lbs.,  in  proportion  to  the 
coefficient  of  friction.  The  arc  of  contact  in  this  case  is  180^,  or  one- 
half  the  circumference.  Assume — for  it  answers  all  the  purposes  of 
this  discussion — that  10  lbs.  support  25  lbs. ;  in  other  words,  the  ratio 
is  as  10  :  25,  or  as  1  :  2h 


Fig.  4. 

A  series  of  experiments  made  by  the  author  several  years  ago  gave 
for  new  rope  and  new  sheaves  (iron)  as  high  a  ratio  as  1:7,  while 
with  old  vope  and  polished  sheaves  as  low  as  1:2];  all  wheels  grooved 
to  45  degrees. 

If  now  (by  the  use  of  a  cord)  the  ropes  are  drawn  together,  so  as  to 
embrace,  say,  220°  of  contact,  it  will  be  found  that  the  10  lbs.  will 
support  30  lbs.  (see  Fig.  2).  In  other  words,  the  ratio  is  as  1  :  3. 
Then  try  the  third  experiment,  that  of  diminishing  the  arc  of  contact, 
say,  to  140°,  and  the  ratio  becomes  1  to  2  (see  Fig.  3). 

In  a  rope  drive,  the  part  of  the  rope  representing  that  supi^orting  the 
10  lbs.  is  the  slack  strand,  while  that  supporting  the  greater  weight  is 
the  driving  side,  or  the  tight  strand  of  the  rope.  The  tendency  of  the 
heavy  weight  is  to  revolve  the  wheel  in  its  direction,  and  the  measure 
of  its  effective  pull  is  found  by  subtracting  the  pull  on  the  tight  side 
from  the  i:)ull  on  the  slack  side;  in  other  words,  as  in  the  first  experi- 
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ment,  where  the  arc  of  coutact  is  180-,  the  teudency  of  the  10  lbs.  is 
to  pull  iu  one  direction,  while  that  of  the  25  lbs.  is  to  pull  in  the  other 
direction,  and  the  effective  pull  is  25  —  10  =  15  ll)s. 

The  foiirth  experiment  will  be  to  place  side  by  side  two  sheaves  of 
different  diameters,  having  the  same  form  of  groove.  Assume  that 
one  is  72  ins.,  and  the  other  36  ins.  in  diameter. 

If,  now,  the  first  experiment  is  tried  with  each  of  these,  it  will  be 
noticed  that  10  lbs.  supports  25  lbs. ,  whether  the  ropes  be  applied  to 
the  72-in.  or  the  36-in.  sheave.  These  experiments  show  that  the  arc 
of  contact  is  an  important  factor  in  designing  a  rope  drive,  and  is  in- 
dependent of  the  diameter  of  the  pulley. 

The  next  matter  of  importance  is  to  determine  what  takes  place 
when  motion  is  given  to  a  rope  drive. 

Fig.  4  shows    the    simplest    kind  of  a  transmission,  that  of  two 


Fig.  5. 
grooved  wheels  and  a  single  rope  wrapped  about  them.  ^Yhen 
motion  takes  place  and  a  load  is  given  to  the  driven  wheel,  the 
lower  strand  straightens  up  and  becomes  taut,  and  the  upper  strand 
takes  the  slack  from  the  driver  in  the  direction  in  which  the  rope 
travels. 

If  the  slack  strand  is  sufficiently  heavy,  and  is  drawn  up  suffi- 
ciently taut,  it  will  do  the  required  amount  of  work.  If  it  is  desired 
to  increase  the  work  done  by  this  rope,  its  tension  must  be  increased. 
SupjDose,  therefore,  that  a  loose  sheave  is  added  to  the  side  of  the  driven 
wheel,  and  that  a  traveling  idler,  held  back  by  a  constant  weight,  as 
shoTSTi  in  Fig.  5,  is  put  in,  then  it  will  be  seen  that  the  rojie  A  is  the 
slack  roi^e,  governing  the  tight  rope  (the  lower  strand),  and  the  amount 
of  tension  permissible  on  the  tight  rope  is  determined  by  the  tension 
on  the  rope  A. 
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If  tlie  weight  on  tlie  tension  carriage  is  150  lbs. ,  then  that  on  the 
rope  A  is  75  lbs.  (neglecting  friction),  and  with  the  ratio  of  slack  to 
tight  of  1  to  2,  the  pnll  on  the  tight  rope  will  be  150  lbs.  The  tight 
rope  will,  therefore,  throw  its  slack  around  the  large  pulley  to  the 
upper  strand,  which  in  turn  will  be  at  once  taken  out  by  the  rope  B, 
whose  tension  is  constantly  75  lbs.  This  tension  in  the  slack  strand  is 
more  than  sufficient  to  sustain  the  tight  rope,  because,  on  account  of 
the  large  arc  of  contact  in  the  driver,  the  ratio  is,  say,  1  to  3.  Hence, 
the  rojje  will  not  transmit  more  power  than  the  small  pulley  is  capable 
of  taking,  and  the  slack  is  taken  out  by  the  tension  carriage  in  the 
direction  in  which  the  rope  travels. 

It  is  worthy  of  notice  that  the  slack  strand  governs  only  the 
amount  which  may  be  jiulled  by  the  large  wheel,  while  the  tension 


Fig.  6. 

rope  A  governs  what  the  tight  rope  may  pull  on  the  circumference  of 
the  small  or  driven  wheel. 

It  is  to  be  supposed  that  the  reader  is  fully  aware  of  all  the  points 
which  have  been  reviewed,  and  they  are  only  given  here  to  direct  his 
mind  to  further  thought  in  this  direction.  An  example  in  actual  prac- 
tice will  be  used  to  assist  in  further  explanation. 

A  rope  drive  (Fig.  6)  installed  a  few  years  ago  had  a  driver  which 
was  54  ins.  diameter,  and  made  320  revolutions  a  minute;  the  driven 
was  14  ins.  diameter,  and  made  about  1  200  revolutions  a  minute. 
There  were  five  strands  of  f-in.  roj^e.  Both  Avheels  were  grooved  ta 
45°,  and  the  distance  between  centers  was  60  ins.  By  laying  this  out, 
it  is  found  that  the  arc  of  contact  on  the  large  wheel  is  217°,  while  on 
the  smaller  one  it  is  143°  (see  Fig.  6).    This  plant,  after  running  a  year. 
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proved  to  be  a  failure,  because,  as  the  engineer  said,  "the  rope  would 
break  frequently."  He  said,  as  he  looked  at  the  drive,  he  could  see- 
that  "one  or  two  ropes  were  doing  the  whole  Avork." 

Fig.  7  shows  the  way  in  which  the  ropes  were  led.  Assume  a  ten- 
sion weight  of  300  lbs.  Taking  a  coefficient  of  friction  of  .12,  the 
coefficient  of  resistance  to  slipping  in  the  45°  angle  is  .31.*  Taking 
into  account  the  arc  of  contact,  the  ratio  of  the  slack  to  the  tight  side 
is  therefore  1  to  2.12  on  the  small  wheel,  and  1  to  3.12  on  the  large 
wheel.  For  the  sake  of  easy  calculation  omit  the  fraction  and  consider 
a  traction  ratio  of  1  to  3,  and  1  to  2,  respectively,  in  the  large  and  small 
pulleys,  and  omit  the  weight  of  rope.     Now  imagine  the  engine  start- 


ing, a  full  load  of  50  H.-P.  demanded  on  the  part  of  the  driven  wheel, 
and  trace  what  takes  place.  The  rope  a  is  held  under  a  constant  ten- 
sion of  150  lbs.  (half  tension  weight).  This  will  sustain  a  pull  of  300 
lbs.  on  tight  rope  i,  and  the  first  effect  of  its  taking  such  a  tension  is 
to  elongate  and  throw  its  slack  up  around  large  pulley  to  slack  rojie  1. 
Meantime  tight  rope  2  has  been  doing  its  best,  and  it  will  pull  out  the 
slack  thrown  into  slack  rope  1  to  the  extent  of  its  ability,  viz.,  in  the 
ratio  of  2  to  1.     As  soon  as  tight  rope  1  is  satisfied,  as  it  is  with  a 


*  (Coef.  of  resistance  to  slipping 
No.  6,  p.  177. 


Cosec    ^°.f  ^  X  coef.  of  friction.)    See  Table 
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slack  tension  of  100  lbs.,  tlien  slii^ping  ceases  in  groove  1  of  the  large 
pulley,  and  this  100  lbs.  allows  tight  rope  2  to  pull  only  200  lbs. 

Following  the  same  line  of  reasoning,  the  results  in  the  following 
table  are  obtained  (the  slack  passing  out  in  the  direction  of  the  travel 
of  the  rope  lantil  the  tension  carriage  takes  it  up). 


TABLE  No.  1.— Approximate  Strains  in  the  Various  Ropes  While 
Transmitting  53  +  H.-P.,  NEGiiECTiNG  Friction  Losses,  Weight 
OF  EopE,  AND  Centrifugal  Force.  Both  Wheels  Groo\'ED  to 
45°  Angle: 


ight  r 

ope 

i— 300  lbs. 

Slack 

rope 

2-100  lbs 

a 

2—200  " 

' 

2—  66  " 

a 

5—133  " 

( 

3—  U     " 

a 

4—  88  '« 

( 

4      30  " 

a 

5—   60  " 

781  lbs. 
390  " 

( 

5—150  " 
390  lbs 

391  lbs.  eflfective  pull. 

Tight  rope  5,  given  as  60  lbs. ,  may  be  raised  somewhat  by  the  influ- 
ence of  slack  rope  S,  given  as  150  lbs.,  as  will  be  explained  furthei  on. 

By  taking  the  sum  of  all  these  tight  ropes,  a  total  of  781  lbs.  is 
obtained,  and  the  sum  of  all  the  slack  ropes  is  390  lbs.,  making  a  dif- 
ference of  391  lbs.  of  useful  work. 


391  lbs.  X  4  518  ft.  per  min. 
33  000 


=  53+ H.-P. 


The  author  makes  no  claim  to  exactness  in  these  figures;  they  are 
only  used  as  a  means  of  demonstrating  that  inequality  of  tensions 
does    exist,   but    do    not    show   the    exact 
amount  of  such  ineqiiality. 

Assume  the  ultimate  strength  of  f -in.  rojie 
to  be  4  200  lbs. ,  and  in  this  transmission  there 
is  a  maximum  strain  of  300  lbs. ,  which  gives 
an  actual  factor  of  safety  of  only  14. 
If  now  the  large  wheel  (Fig.  8)  be  grooved  to  72°,  so  as  to  make  the 
ratio  1  to  2  in  each  wheel,  and  the  tension  weight  be  reduced  to  150 
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lbs. ,  the  result  will  be  perfectly  plain  by  again  tracing  the  strains  in 
the  rope. 

If  a  tension  weight  of  150  lbs.  on  the  tension  carriage  be  assumed, 
then  there  would  be  75  lbs.  tension  on  the  rope  fi,  which  would  give 
150  lbs.  tension  to  tight  rope  1,  which  cannot  be  sustained  until  there 
is  75  lbs.  tension  on  the  slack  rope  1,  etc.,  each  rope  in  itself  being 
pulled  at  the  rate  of  150  lbs.,  and  each  slack  rope  75  lbs.,  making  the 
table  appear  like  this  : 

TABLE  No.  2. — Approximate  Stbains  in  the  Vabiol's  Kopes  While 
Transmitting  50  -f  H.-P.,  Neglecting  Friction  Losses,  Weight 
OF  Rope,  and  Centrifugal  Force.  Large  Pulley  Grooved  to 
72°,  Small  Pulley  to  45  Degrees. 

Tight  rope  J— 150  lbs.     Slack  rope  i— 75  lbs. 


2—150  " 

K 

2—75  " 

<?— 150  " 

(< 

3—75    " 

4—150  " 

(( 

4—75  " 

5—150  " 

H 

5—75  " 

750  lbs. 

375  lbs 

375  " 

375  lbs.  effective  pull. 

This  shows  a  total  strain  of  750  lbs,  for  the  tight  ropes,  and  375 
lbs.  for  the  slack  ropes,  the  difference  being  375  lbs.,  which  is  suffi- 
cient for  50  H.-P.  The  maximum  strain  is  now  only  150  lbs.,  or  one- 
half  of  that  in  Table  No.  1.  The  horse-power  transmitted  is  practically 
the  same,  and  the  factor  of  safety  is  about  28. 

If,  however,  the  same  weight  as  in  Table  No.  1  is  retained,  viz., 
300  lbs.,  the  result  will  be  that  all  the  tight  ropes  will  pull  300  lbs., 
all  slack  ropes  150  lbs.,  and  the  horse-power  transmitted  will  be  about 
100. 

Thus  it  appears  that  the  effective  pulling  power  of  the  large  wheel 
is  actually  reduced  by  reducing  its  angular  groove,  and  at  the  same 
time  the  driving  effect  of  the  transmission  is  nearly  doubled — a  sort 
of  mechanical  paradox.  Assuming  again  that  the  rope  is  uniform,  it 
is  found  that  by  widening  the  groove  of  the  large  pulley  the  power 
transmitted  is  actually  increased. 
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The  question  naturally  arises  :  How  account  for  the  fact,  frequently- 
observed,  that  it  is  the  center  strands  that  are  usually  slack  ?  This 
can  be  explained  as  follows  :  The  tension  in  slack  rope  5  is  given  in 
Table  No.  1  at  150  lbs.,  which  may  (if  the  power  demands  it)  sustain 
150  X  3  =  450  lbs.  on  tight  rope  5,  but  it  will  not  do  so  until  slack 
rope  4  is  drawn  out  to  a  tension  of  450  -^  2  —  225  lbs. ,  which  is 
possible.  If  now,  however,  still  more  power  is  called  for,  then  225  lbs. 
on  slack  rope  4  may  sustain  a  pull  of  675  lbs.  on  tight  rope  4,  which 
will  draw  up  slack  rope  3  to  337  lbs.  This,  however,  is  bad  practice, 
because  the  maximum  tension  is  increased  far  beyond  300  lbs.,  even 
in  tight  rope  5  pulling  its  maximum  (450  lbs.). 

On  the  other  hand,  if  the  loose  wheel  by  the  side  of  the  small 
pulley  were  not  used,  the  strain  in  slack  rope  5  would  be  only  75  lbs. , 
and  the  ultimate  strain  in  tight  rojie  5  would  be  225  lbs.,  and  in  slack 
rope  4  it  would  be  112  lbs.  This  shows  that  unless  the  wide  angle  is 
employed  in  the  large  pulley,  it  is  better  not  to  employ  a  loose  sheave; 
all  of  which  illustrates  more  forcibly  the  diffi- 
culties which  accrue  from  the  use  of  a  uniform 
groove  in  both  large  and  small  wheels. 

Further,  it  will  be  observed  in  Table  No.  1 

that   the   tension   in   slack  rope   5   (150  lbs.) 

Fig.  9.  is  2J  times   as   great   as   in  tight  rope   5  (60 

lbs.),  while  with   the   wide   angle   plan,   as   shown  in  Table  No.  2, 

the  tension  in  slack   rope   5  is  half  of  that   in  tight  rope  5,  as  it 

should  be. 

The  practical  value  of  this  system,  therefore,  is  to  increase  the 
factor  of  safety,  or  else  by  employing  the  same  factor  of  safety  to 
reduce  the  size  of  rope.  Thus,  when  the  difference  in  the  diameters 
is  considerable,  substitute  ^-in.  rope  where  previous  figuring  has  shown 
that  1^-in.  rope  was  required;  substitute  for  1-in.  |-in. ,  and  in  place 
of  f-in.  use  |-in. 

The  reduction  in  the  size  of  the  rope  permits  also  a  reditction  in 
the  diameter  of  the  pulley,  and  still  maintains  the  same  ratio  of  rope 
to  pulley.  For  examxjle,  the  minimum  diameter  of  the  pulley  for  a 
i-in.  rope  is  35  ins.,  assuming  the  rule  of  40  diameters,  while  for  IJ-in. 
rope  by  the  same  rule  a  50-in.  pulley  would  have  to  be  used.  Then, 
again,  the  width  of  the  sheave  is  thus  reduced  fully  25  per  cent.  It  is 
not  the   author's  intention,    however,   to  advise   employing   a  small 
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factor  of  safety,  but,  by  correct  tiguriuf?,  to  obtaiu  the  real  factor  of 
safety,  which  should  not  be  less  thau  20. 

A  full  discussion  of  this  question  of  jjroportions  of  rope  to  j^ulley 
may  be  found  in  "  Kope  Dri^^ug  "  by  Professor  Flatlier.  * 

The  author's  attention  was  originally  called  to  this  unequal  tension 
on  the  ropes  of  a  continuous  rope  drive  some  ten  years  ago.  At  that 
time  he  had  occasion  to  study  the  subject,  and  was  much  puzzled  by 
XI  drive  installed  with  wooden  sheaves.  This  iiarticular  transmis- 
sion had  a  driving  pulley  of  about  three  times  the  diameter  of  the 
driven,  and  both  wheels  wore  badly  in  the  grooves.  The  first  groove 
wore  down  fully  an  inch;  the  second,  f  in.;  the  third,  about  .1  in.,  and 
so  on. 

In  another  rope  drive  iu  the  same  building,  also  having  wooden 
sheaves,  Imt  of  equal  diameter,  the  grooves  wore  alike.  Hence,  the 
natural  conclusion,  that  the  unequal  wear  was  attributable  in  some 
way  to  the  unequal  arc  of  contact  occurring  iu  the  drive  with  pulleys 
of  different  diameters. 

The  substitution  of  iron  sheaves  for 
wooden  ones  prevents  this  object  lesson  from 
being  brought  to  every  one's  attention,  but 
the  unequal  strains  on  the  various  strands  are 
there,  just  as  before,  and  frequently  can  be  Fig-  lo. 

seen  if  one  will  notice  the  difference  in  the  sag  of  the  various  ropes. 

As  a  jjractical  proof  of  the  value  of  the  variable  grooves,  the  author 
would  refer  to  a  rope  drive  designed  by  him  some  nine  years  ago,  and 
installed  in  the  planing  mill  of  J.  K.  Eussell,  now  called  the  Enterprise 
Building,  on  Fulton  Street,  Chicago,  where  they  have  been  transmit- 
ting 250  H.-P.  with  12  strands  of  i-in.  ropes,  which  lasted  six  years. 
According  to  the  present  jiractice  l]-in.  rojie  would  be  employed  (see 
Fig.  7).  A  14-ft.  driver  is  grooved  to  an  angle  of  60°,  and  a  6-ft. 
driven  to  45  degrees.  The  ropes  may  be  seen  to  be  pulling  alike,  and 
each  is  doing  its  own  share  of  the  work. 

The  calculations  and  tables  given  herein  have  ignored  centrifugal 
action  and  journal  friction,  and  are  based  on  the  assumjition  that  the 
rope  is  uniform  throughout,  and  further,  that  a  loose  wheel  is  pro- 
vided to  take  the  strand  from  the  tension  carriage  leading  from  the 
pulling  side  of  the  driven  wheel. 

*  "  Rope  Driving."    By  John  J.  Flather,  Ph.  B.,  M.  M.  E.,  page  177. 
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Flathor's  "  Rope  Driving  "*  gives  a  theoretical  discussion  of  this 
very  important  matter,  from  which  the  following  abstract  has  been 
prepared : 

The  effectiveness  of  the  frictional  grip  is  dejjendent  upon  the  arc 
of  contact  of  the  rope  with  the  j^ulley  and  also  upon  the  coefficient  of 
friction,  which  varies  with  the  angle  of  the  groove.  The  friction  on 
each  pulley  will  be  the  same  if  the  products  of  the  arcs  of  contact  by 
the  respective  coefficients  are  equal.  If  the  coefficient  of  friction  of  a 
lubricated  roj)e  on  a  smooth,  fiat  metal  pulley  is  0.12,  then,  for  the 
same  rope,  in  a  groove  having  an  angle  of  6  degrees,  the  coefficient 

of  resistance  to  slipping  would  he  cp  =  0.12  cosec  -^;  hence,  with  arcs 

of   contact  of  a  and  a'  degrees  the  equations   (p  a  ^  0'  a',   or  0.12 

Q  Q'  .      . 

cosec  -^  rt  =  0. 12  cosec -jr—  a    would  indicate  an  equal  frictional  grip 

on  each  pulley,  if  it  be  assumed  that  the  percentage  of  slip  is  to  be  the 
same,  and  that  the  multiplier  0. 12  will  give  the  correct  coefficient  of 
friction  on  each  pulley. 

The  numerical  value  of  the  cosecant  of  an  angle  varies  inversely 
with  the  angle,  hence  the  pulley  having  the  lesser  arc  of  contact  should 
have  a  groove  with  a  more  acute  angle. 

From  the  above  equation 

6  6'       a' 

cosec-7;    =  cosec  — r-X  — 

2  la 

in  which  6  and  a  are  the  angles  of  groove  and  contact,  respectively, 
of  the  larger  pulley  ;  and  9'  and  a',  similar  values  for  the  smaller 
pulley. 

When  the  ratio  of  the  arcs  of  contact  is  known  and  with  the  least 
angle  of  groove  in  the  smaller  pulley  equal  to  35°,  40°,  or  45°,  the 
corresi^onding  angle  of  groove  in  the  larger  pulley  should  be  as 
indicated  in  Table  No.  5. 

TABLE  No.  5. — Angle  of  Gboove  for  Equal  ^Vdhesion. 


Arc  of  contact  on  small  pulley  _  a' 

Arc  of  contact  on  large  pulley  "~  a 

Angle  of  groove  in  large  pulley  when  groove  in 
small  pulley  =  35° 

Angle  of  groove  in  large  pulley  when  groove  in 
small  pulley  =  40° 

Angle  of  groove  in  large  pulley  when  groove  in 
small  pulley  =  45° 


0.9 

0.8 

0.75 

0.7 

0.65 

40° 

44° 

47° 

51° 

55° 

450 

50° 

54° 

58° 

64° 

50° 

55° 

60° 

66° 

72° 

0.6 

60° 
70° 
80° 


*  Pp.  159  to  176. 
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An  equality  of  griji  on  each  jjulley  may  be  secured  by  the  use  of  an 
idler  or  binder  pulley,  which  will  increase  the  arc  of  contact  on  the 
smaller  pulley,  but  this  introduces  a  reverse  bend  in  the  rope,  which  is 
objectionable  in  ro23e  driving  and  should  be  avoided  as  much  possi- 
sible. 

Table  No.  6  gives  the  amount  of  tension  which  may  be  sustained  by 
the  tight  strand  when  the  slack  strand  has  a  tension  of  one. 

TABLE  No.  6. 


Coefficients  of  Friction. 

Coefficients  of  Friction. 

Degrees. 

Degrees. 

0.3. 

0.4. 

0.5. 

0.3. 

0.4. 

0.5. 

30 

i.ir 

1.23 

1.29 

1.50 

2.19 

2.85 

3.70 

45 

1.26 

1.37 

1.48 

165 

2.37 

3.16 

4.21 

60 

1.37 

1.52 

1.69 

180 

2.56 

3.51 

4.81 

75 

1.48 

1.69 

1.92 

195 

2.77 

3.90 

5.48 

90 

1.60 

1.87 

2.19 

210 

3.00 

4.33 

6.25 

105 

1.73 

2.08 

2.50 

240 

3.51 

5.:« 

8.12 

120 

1.87 

2.31 

2.85 

270 

4.11 

6.59 

10.55 

185 

2.03 

2.56 

3.24 

300 

4.81 

8.11 

13.70 
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DISC  USSION. 


Mr.  Suplee.  H.  H.  SuPLEE,  Esq. — This  paper  is  a  very  clear  presentation  of 
some  facts  in  connection  with  rope  transmissions,  which,  while  they 
have  been  known  for  a  long  time,  have,  until  now,  not  been  used  in 
combination  or  distinctly  applied  to  the  purpose  for  which  the  author 
uses  them;  at  least  not  to  the  speaker's  knowledge. 

The  English  rope  transmissions,  using  a  number  of  independent 
ropes,  practically  depended  upon  the  angle  of  the  groove  in  the  sheave 
to  secure  the  necessary  traction.  Grooves  as  sharp  as  30°  were  used 
at  one  time,  but  the  wear  on  the  ropes  and  the  wedging  in  the  grooves 
caused  a  gradual  increase  until  it  was  settled  by  experience  that  from 
43  to  45°  was  the  minimum  angle  advisable  to  use  in  practice.  It 
was  recognized  that  all  the  ropes  would  not  iJiill  alike,  as  it  was  jarac- 
tically  impossible  to  obtain  the  same  initial  tension,  but  this  was  ex- 
pected to  remedy  itself  from  the  fact  that  the  roj)es  subjected  to  the 
greatest  tension  would  stretch  the  most,  and  that  this  would  throw  a 
portion  of  the  work  iipon  the  slacker  ropes,  and  so  equalize  the  work. 

The  first  continuous  rope  transmission  in  the  United  States  was 
probably  that  installed  at  the  old  shop  of  the  Atlantic  Works,  in 
Philadelphia,  about  1881,  in  which  five  turns  of  a  |-in.  rope  were  taken 
over  a  pair  of  30-in.  pulleys,  the  pulleys  being  of  equal  diameters  and 
the  ropes  horizontal.  The  slack  was  taken  up  by  an  idler,  and  the 
system  was  identical  with  that  now  in  use  in  many  places.  The 
sheaves  were  of  wood  (Dodge  wood  split  jjulleys),  and  the  speaker  be- 
lieved that  the  grooves  had  an  angle  of  43  degrees.  This  installation 
was  put  in  by  Mr.  Dodge,  who  made  many  experiments  with  grooves 
of  different  angles,  even  running  ropes  on  smooth  pulleys,  by  making 
enough  turns  to  secure  the  necessary  tractive  power. 

In  most  of  these  installations  it  was  evident  that  all  the  ropes  were 
not  pulling  alike,  and,  indeed,  this  must  necessarily  be  the  case  if  the 
successive  action  of  the  redujolication  principle  is  considered.  This 
principle  of  "coil  friction,"  as  Willis  calls  it,  is  well  recognized,  and 
the  variation  in  tractive  power  for  various  arcs  is  correctly  given  by 
the  author  in  Table  No.  6  of  his  paper. 

What  the  author  has  done  is  to  pit  these  two  sources  of  variation 
in  tractive  power  against  each  other,  and  use  the  one  to  correct  for  the 
action  of  the  other,  and  in  this  he  has  treated  the  subject  in  quite  an 
original  manner.  In  every  case  which  the  speaker  knew,  in  which  the 
angle  of  the  grooves  has  been  varied,  the  angle  has  been  made  the 
same  in  both  sheaves,  regardless  of  their  relative  diameter,  or  of  th,eir 
distance  from  each  other,  and  therefore  regardless  of  their  diflferent 
arcs  of  contact.  The  author  has  shown  clearly  how,  by  making  the 
angle  of  the  grooves  connect  for  the  dilference  in  the  arcs  of  contact, 
the  tension  on  the  different  portions  of  the  rope  may  be  equalized, 
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theoretically,  at  least,   and  for  this   he  is  entitled  to  full  and  due  Mr.  Suplee. 
credit. 

There  is,  however,  another  and  a  constructive  reason  for  the  varia- 
tion in  the  tension  of  various  ropes,  both  in  the  English  or  separate 
system,  and  in  the  American  or  continuous  system,  and  that  is  the 
difficulty  of  securing  or  maintaining  practically  the  same  relative  dia- 
meters, and  hence  the  same  velocity  ratios  for  all  the  pairs  of  grooves. 
The  virtual  diameters  of  the  grooves,  upon  which  the  velocity  ratios 
of  the  two  sheaves  are  dependent,  are  those  of  the  circles  of  contact  of 
the  ropes  and  their  respective  grooves,  but  unless  all  the  grooves  are 
exactly  of  the  same  width,  and  the  contact  circles  on  these  grooves  are 
of  exactly  the  same  diameter,  the  result  will  be  practically  an  attempt 
to  drive  the  same  sheave  at  various  speeds  at  the  same  time.  The  result 
is  a  difterent  tension  on  difiereut  i^arts  of  the  rope,  and  there  is  a  con- 
sequent wear  upon  the  rope,  and  a  cutting  of  the  pulley  (especially 
marked  in  wooden  pulleys)  which  also  absorbs  much  power.  This 
accounts  for  the  unequal  tension  in  various  parts  of  the  rope  in  trans- 
missions in  which  both  sheaves  are  of  the  same  diameter,  and  in  which 
the  arcs  of  contact  and  angles  of  groove  should  both  be  the  same.  This 
is  a  practical  difficulty  which  can  only  be  overcome  by  a  much  higher 
grade  of  workmanship  than  is  usually  customary  with  such  work.  When 
this  action  once  commences,  it  continues  to  make  itself  worse,  since  the 
greater  tension  upon  some  of  the  j^arts  wedges  the  ropes  down  further 
into  their  grooves  and  thus  alters  the  virtual  diameter  of  the  sheave  for 
those  particular  ropes  and  increases  the  variation  in  tension,  which 
thus  shifts  from  rope  to  rope.  This,  of  course,  has  no  bearing  upon 
the  merit  of  the  author's  solution  of  the  problem  as  he  states  it,  but  it 
is  a  feature  with  which  it  must  inevitably  be  complicated  in  practice. 

For  transmissions  in  which  there  is  a  wide  difference  between 
pulley  diameters  and  a  small  distance  between  centers,  i.  e. ,  in  which 
there  is  a  marked  difference  in  arcs  of  contact,  the  speaker  believed 
that  a  corresponding  variation  in  the  angles  of  the  grooves  will  add 
materially  to  the  efficiency  of  the  installation  and  the  life  of  the  rope. 

H.  W.  Bbinckekhoft,  M.  Am.  Soc.  C.  E.— There  is  much  that  is  jj^  Brincker- 
interesting  and  valuable  in  this  paper,  but  in  the  reasons  which  the  ^^f^- 
author  gives  for  the  large  factor  of  safety,  from  30  to  40,  now  com- 
monly employed  in  rope  drives,  a  very  important  one  seems  to  have 
been  overlooked,  namely,  the  "  creep  "  of  the  rope.  This  creep  is  the 
slippage  of  the  rope  on  the  sheave  as  it  goes  off.  It  is  caused  by  the 
change  of  tension  due  to  receiving  or  imparting  power,  and  is  accom- 
panied by  a  corresponding  change  of  length.  If,  as  on  the  driving 
sheave,  the  rope  goes  off  at  a  less  tension  than  it  came  on,  the  creep 
will  be  against  the  motion  of  the  sheave;  if,  as  on  the  driven  sheave, 
these  conditions  are  reversed,  the  creep  will  be  with  the  motion. 
This  can  be  readily  studied  by  putting  a  rubber  band  around  one 


« 
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Mr.  Brincker-  forefinger  and  around  a  spool  or  bottle,  about  1  in.  in  diameter,  held 
^°'^'  jjarallel  to  it  in  the  other  hand,  and  revolving  one  about  the  other. 

This  will  give  them  the  same  relative  motion  as  if  they  made  the  same 
number  of  revolutions  per  minute  in  the  same  direction,  and,  as  their 
diameters  are  different,  their  surface  velocities  will  vary,  and  the  effect 
will  soon  appear  in  a  marked  difference  of  stress  on  the  two  strands 
of  the  rubber  band.  If  now  some  red  pencil  marks  have  been  made 
on  the  band,  it  can  plainly  be  seen  to  contract  as  it  leaves  the  spool 
and  to  stretch  as  it  leaves  the  finger.  This  is  the  "creep,"  which  is 
obviously  inseparable  from  any  method  of  driving  by  a  band  or  rope 
having  any  elasticity,  and  it  must  necessarily  wear  the  rope  and  the 
sheave  or  produce  heat  by  the  friction,  or  both,  and,  in  any  case, 
absorb  and  waste  all  the  power  that  produces  the  wear  and  heat. 

Fortunately,  though  the  creep  cannot  be  avoided  altogether,  it  can 
be  reduced  to  a  comparatively  harmless  amount  by  increasing  the 
number  of  driving  strands,  and  thus  diminishing  the  difference  of 
tension  between  the  taut  and  slack  sides.  For  instance,  if,  in  a  given 
transmission,  the  number  of  strands  is  doubled,  the  average  dif- 
ference of  tension  will  be  halved;  and,  though  the  total  length  of  creep 
on  all  the  strands  will  thus  be  the  same  as  before,  yet,  as  the  ropes 
will  be  less  tightly  pressed  in  the  grooves,  the  total  friction  and  wear 
will  be  reduced  in  about  the  proportion  that  the  number  of  strands 
is  increased.  The  loss  of  power  is  directly  proportional  to  the  dif- 
ference of  velocity  between  the  taut  and  slack  strands,  which  is, 
in  its  turn,  proportional  to  the  difference  of  tension  between  the  two. 
Professor  Unwin  gives  this  difference  of  velocity  at  about  2%  in 
ordinary  belting,  and,  from  the  greater  elasticity  of  ropes,  it  is  usually 
much  more  in  rope  transmissions.  The  wear,  however,  varies  at  a 
more  rapid  ratio,  for  although,  up  to  a  certain  point,  the  rope  can  slip 
in  a  smooth  groove  without  serious  wear,  merely  develojjing  heat  by 
the  friction,  yet,  as  soon  as  the  safe  j^ressure  in  the  groove  is  exceeded 
and  abrasion  begins,  the  destruction  of  the  rojse  is  very  rapid. 

Here  comes  in  one  advantage  of  the  wider  groove  on  the  larger 
sheave,  as  suggested  by  the  author,  for,  if  the  groove  is  narrower  than 
is  needed  to  give  the  reqiiired  coefficient  of  friction,  the  creep  of  the 
off-going  rope  takes  place  under  greater  jjressure,  and  the  rope,  ex- 
panding as  the  tension  is  reduced,  is  actually  pinched  between  the 
sides  of  the  groove,  increasing  the  wear  and  loss  of  i^ower. 

In  view  of  these  facts,  the  chief  reason  for  the  high  factor  of  safety, 
stated  in  the  beginning  to  be  necessary  for  rope  drives,  can  be  appre- 
ciated. It  is  not  because  a  rope  drive  would  not  be  jserfectly  safe  for  a 
short  time  with  a  much  lower  factor,  but  because  the  life  of  such  a 
drive  would  be  very  limited,  and  its  waste  of  power  would  be  very  great. 
Indeed,  in  this  case,  instead  of  being  designated  a  factor  of  safety,  it 
would  be  more  proper  to  call  it  the  factor  of  economical  tension. 
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Joseph  H.  Hoadley,  Esq. — Throughout  the  United  States,  rope  Mr.  Hoadley. 
drives  of  about  700  000  H.-P. ,  ou  the  continuous  system,  have  been 
installed.  Among  these  there  are  some  very  interesting  drives  which 
have  proved  in  practice  that  long-established  theories  are  wrong 
in  some  details,  which  often  happens  m  such  cases.  The  wooden 
sheaves  mentioned  by  the  author  were  first  adopted  by  the  Dodge 
Manufacturing  Company  at  Misliawaka,  Ind.,  because  it  was  thought 
that  a  roi)e  drive  would  possibly  have  greater  adhesion  with  a 
wooden  than  with  an  iron  sheave,  which  has  been  practically  proven 
in  regard  to  the  belt  pulley.  These  wooden  sheaves  act  exactly  as 
the  author  has  described  them,  but  the  speaker  did  not  think  that 
was  caused  by  any  unequal  strain  on  any  of  the  ropes.  His  experience 
had  been  that  the  grinding  of  the  rope  acts  on  the  grooves  like  a  file, 
and  when  the  rope  leaves  one  pulley  and  goes  to  another,  as  in  the 
tension  winder,  there  is  a  proportionate  amount  of  work  on  the  rope. 
For  instance,  a  manilla  rope  will  possibly  be  in  use  sixty  days,  after 
which,  if  it  is  taken  out  and  examined,  although  it  will  look  prac- 
tically new,  yet  in  places  in  the  center  it  will  be  found  to  be  ground 
up  like  flour.  It  is  impossible  to  make  a  perfect  splice  after  the  rope 
has  once  been  in  use.  In  most  cases  grinding  occurs  where  the  ropes 
wear  the  piilleys,  and  it  is  worse  where  manilla  rope  is  used.  To 
avoid  that  trouble  cotton  rope  has  been  substituted,  but  it  has  been 
found  almost  impossible  to  make  a  cotton  rope  of  equal  diameter 
throughout.  In  such  case  the  same  effect  is  produced  as  in  the  Eng- 
lish drive  system,  i.  e.,  the  ropes  will  not  work  together  because  the 
splices  cannot  be  made  of  the  same  diameter,  and  one  rojje  will  creep. 
Even  if  the  splices  are  made  so  that  they  work  with  strains  nearly 
equal,  the  splices  soon  pull  out,  and  then  the  creei?  in  the  rope  occurs. 
As  soon  as  this  happens  there  is  a  greater  strain  on  the  rope  from  the 
fact  that  its  weight  and  its  diff'erent  strands,  as  soon  as  they  change 
their  tension,  create  a  greater  driving  power  in  one  rope  than  in  the 
other.  As  soon  as  that  takes  place,  some  of  the  ropes  sink  and 
change  the  pitch  diameter,  and  this  will  be  found  in  those  cases  where 
English  drives  with  pulleys  upwards  of  20  ft.  in  diameter  have  been 
used.  It  can  readily  be  seen  that  a  change  in  the  pitch  diameter  of 
one  of  the  ropes,  traveling  so  many  feet  per  minute,  means  a  great 
deal,  and  in  that  way  the  ropes  are  very  easily  worn  oiit. 

The  drive  of  the  Broadway  Cable  Road,  properly  proportioned, 
and  put  into  a  continuous  rope  system,  should  transmit  about  10  000 
H.-P.  The  engine,  the  speaker  believes,  is  capable  of  transmitting 
1  500  H.-P.  The  diff'erence  in  the  two  systems  can  readily  be  seen. 
A  continuous  rope  drive  will  drive  pound  per  pound  of  rope  about  ten 
times  as  much  as  a  single  rope  system  of  the  old  style.  The  single 
ropes,  of  course,  have  found  gi*eat  favor  with  mechanical  engineers, 
because  the  rope  system  was  first  adopted  in  England  in  large  drives, 
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Mr.  Hoadley.  and  American  engineers  really  secured  their  first  information  about 
rope  drives  and  their  installation  from  the  English,  and  in  that  way- 
very  naturally  took  after  them.  The  English  rope  drives  in  use, 
where  the  speaker  employed  the  compound  winder,  run  from  about 
500  to  4  000  H.-P.  He  has  installed  about  fifty  of  1  000  H-P  and 
about  one  hundred  of  2  000  H.-P.,  and  these  have  been  in  use  for  up- 
wards of  eight  years. 

The  Edison  Electric  Light  Company  in  San  Francisco  uses  the 
compound  wind  system  on  an  Allis-Corliss  engine,  with  a  26-ft.  drive 
wheel.  There  are  fourteen  grooves  in  the  fly-wheel,  twenty-two 
grooves  in  the  driven,  with  33-ft.  centers;  a  1^-in.  rope  is  used. 
This  jalant  has  constantly  transmitted  from  1  100  to  1  300  H.  -P. ,  the 
ropes  lasting  five  and  six  years.  The  speaker  believes  that  the  use 
of  the  compound  winder  has  not  been  appreciated  by  engineers.  In 
his  experience  he  has  found  that  continuous  drives  with  a  steady 
power  do  not  require  the  compound  winder;  but  where  a  plant  is 
subjected  to  variable  powers,  it  is  very  important  not  to  allow  the  rope 
to  commence  to  slip.  The  engine  wheel  has  the  cylinder  to  back  it 
up,  and  the  travel  of  the  fly-wheel  on  the  engine  can  readily  recoup 
lost  speed;  but  the  driven  has  no  method  of  recoujjing  its  velocity 
other  than  through  the  transmitter.  For  instance,  in  the  case  of  the 
Chicago  City  Railway  at  the  Fifty-second  Street  Station  there  are  five 
2  000  H.-P.  rope  drives,  or  a  maximum  of  10  000  H.-P.  The  drives 
are  fitted  with  a  manilla  rojie.  The  fly-wheel  of  the  engine  is  20  ft. 
in  diameter  and  has  twenty-one  grooves;  the  driven  has  thirty  grooves, 
and  on  an  average  the  dynamos  connected  with  the  engine  are  33  ft. 
to  34  ft.  The  longest  drive  is  45  ft.  The  power  ranges  from  150  to 
1  800  H.-P.,  and  this  fluctuation  takes  place  several  times  during  the 
day,  owing  to  the  heavy  trains  which  they  operate.  In  this  plant  it 
is  found  that,  with  the  addition  of  the  compound  winder,  there  is 
practically  no  slip  between  the  engine  fly-wheel  and  the  driven.  The 
readings  of  the  tachometer  show,  for  1896  or  1897,  that  the  difi"erence 
between  the  number  of  revolutions  made  by  the  engine  and  by  the 
generator  is  practically  less  than  2%  for  the  entire  year,  which  is  a 
very  close  transmission,  almost  as  positive  as  cog  gears.  Of  course, 
it  is  not  as  positive,  because  gears  do  not  slip  at  all,  but  it  can  be 
considered  as  practically  without  slip. 

There  is  a  great  deal  in  the  way  a  drive  is  designed.  The  reason 
rope  transmissions  have  not  been  more  successful  is  that  disaster 
has  been  occasioned  in  almost  every  case  from  either  poor  splicing  or 
bad  regulation  of  the  engine.  If  an  engine  governor  dances,  the 
engine  will  throw  the  rope  out  of  the  groove  very  readily.  In  that 
case  the  rope  always  thrown  oiit  is  that  which  leads  from  the  slack 
part  of  the  fly-wheel.  There  are  cases  where  the  winding  of  the  rope 
will  make  a  bad  drive  and  cause  a  great   deal  of  trouble.     There  is 
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only  one  way  to  have  it  rif^ht.    If  it  is  i)roporti©ned  right,  if  the  trans-  Mr.  Hoadley. 

mission  roj^e  is  correct  and  the  engine  well  regulated,  it  is  the  prettiest 

piece  of  work  in  mechanics.     If  there  is  anything  wrong  about  it,  it  is 

about  the  worst  thing  that   could  be  installed.     Great  care  should 

always  be  taken,  as  far  as  possible,  not  to  allow  the  shock  occasioned 

by  the  variation  of  the  load  to  drop  back  to  the  engine,  and  therefore 

metal  should  be  put  into  the  driven  pulley  to  practically  guard  or 

regulate  75%  of  the  greatest  variation  that  can  be  anticii)ated  from 

the  maximiim   power  of  the  engine.     In  that  way  a  very  long-lived 

rope  and  a  very  siiccessful  di'ive  will  be  obtained. 

In  the  case  of  steady  powers,  such  as  ai'e  fouud  in  cotton  mills,  the 
compound  winder  has  no  place,  unless  it  is  compulsory  to  have  a  very 
small  driving  pulley  and  very  close  centers,  and  then  the  contact  of 
the  driven  pulley  is  not  sufficient  to  permit  the  load  to  be  thrown  on 
unless  it  is  done  very  carefully.  In  five  minutes  a  rope  can  be  burned 
to  pieces,  and,  of  course,  if  there  is  one  jilace  in  it  that  is  liable  to 
break,  it  will  do  so  and  will  probably  wreck  the  jslant.  The  si)eaker 
would  rather  have  a  rope  drive  for  any  use  beyond  the  power  of  an 
8-in.  belt,  and  did  not  know  of  any  case  where  such  a  drive  could  not 
be  properly  designed  to  fulfil  all  conditions,  unless  it  were  in  the 
case  of  a  very  small  jmlley,  or  where  the  space  is  contracted.  Of 
course,  there  is  a  fox-mula  that  miist  be  adhered  to  rigorously  for 
large  powers,  and  any  variation  therefrom  will  cause  trouble.  The 
speaker  recently  had  a  case,  that  of  the  Illinois  Steel  Company  at 
Joliet,  111.,  where  a  4  000  H.-P.  drive  was  installed  for  driving  the 
rod  mill,  the  worst  character  of  power  to  which  a  rope  drive  could 
be  put,  because  of  the  dirt  in  the  yard  and  the  iron  filings  which  affect 
the  rope  injuriously  and  make  it  act  all  the  time  as  though  it  were 
going  to  pieces.  In  such  a  case  it  is  necessary  to  use  a  dressing  which 
will  make  the  heart  of  the  rope  impervious  to  dirt  and  iron  tilings 
and  prevent  wear  from  the  outside,  that  is,  jirevent  cutting  the  out- 
side strands  and  starting  the  rope  to  wear. 

In  the  case  of  the  grooves  which  the  author  states  are  necessary, 
the  speaker  had  found  some  advantage  in  changing  in  a  small  degree 
their  angle  when  an  excessively  small  i)ulley  Avas  used,  and  had 
found  that  the  curved  grooves,  like  the  English  groove,  or  such 
as  are  employed  in  drives  of  this  character,  were  damaging  to  the 
rope  if  a  splice  had  been  carelessly  made.  As  the  rope  sets  down,  its 
section  will  wear  to  an  egg  shape.  In  practice  it  Avill  not  wear  round 
in  any  case.  As  soon  as  the  rope  commences  to  do  that,  it  has  more 
friction,  and  for  that  reason  the  speaker  always  uses  the  angle  grooves 
instead  of  the  hollow  grooves  used  generally  by  the  English. 

The  designing  of  rope  drives  is  as  much  a  trade  as  practical  steam 
engineering,  and  it  requires  as  much  study.  Before  a  man  at- 
tempts to  design  a  rope  drive  he  should  have  practical  experience 
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Mr.  Hoadley.  and  theoretical  knowledge,  and  be  as  proflcient  in  that  line  as  he 
would  in  starting  out  to  design  and  build  a  steam  engine.  It  is  a 
business  by  itself.  Every  case  that  comes  u^j  has  conditions  entirely 
different  from  the  preceding  case,  even  though  the  horse-power  be 
the  same.  There  may  be  a  drive  of  a  1  000  H.-P.  with  a  driver 
running  200  revolutions  a  minute  driving  horizontal  shafts,  with  a 
driven  runningat  400  revolutions  a  minute  and  with  30-ft.  centers;  and 
in  the  next  drive  the  driver  remaining  the  same,  thex'e  may  be  a  right- 
angled  shaft  situated  on  the  roof,  or  half  a  mile  away.  All  the  condi- 
tions miist  be  as  carefully  considered  before  beginning  to  design  the 
drive  as  would  be  necessary  in  the  very  highest  type  of  engineering. 
Many  think  that  a  rope  and  a  groove  constitute  a  rope  drive;  it  does 
not,  and  that  accounts  for  many  of  the  failures. 

The  speaker  had  installed  two  drives  in  Paterson,  N.  J.,  for  the 
Edison  Company  and  could  not  account  for  the  trouble  experienced, 
as  he  had  never  seen  the  drives,  although  he  had  designed  them.  One 
of  the  ropes  went  to  pieces  about  two  hours  after  the  engine  started. 
The  next  rope  put  on  has  worked  satisfactorily  and  has  been  abso- 
lutely noiseless.  The  Toledo  Traction  Company  have  four  rope 
drives,  each  of  about  800  H.-P.  They  have  been  in  use  a  year  and 
a  half,  and  have  never  given  any  trouble.  The  ropes  have  never 
been  replaced,  and  the  slack  has  never  been  taken  out  of  them.  In 
the  Illinois  Steel  Company's  drives  it  was  found  that  the  wear  was  very 
rapid  on  account  of  the  fluctuation  in  the  power,  and  on  one  of  the 
drives,  the  compound  winder  was  abandoned.  That  was  a  practical 
test  of  the  compound  winder.  The  ropes  ran  six  weeks  and  wore  out. 
The  tension  weight  required  there  is  2  100  lbs. ;  with  the  compound 
winder,  the  tension  weight  was  900  lbs.  to  do  the  same  work.  The 
speaker  had  carefully  weighed  the  results  and  found  that  up  to  200 
H.-P.  the  compound  winder  is  of  no  service.  Beyond  that,  the  extra 
adhesion  necessary  to  prevent  the  commencement  of  slipping  on  the 
driven  pulley  is  essential. 


CORRES  PONDENCE. 


SamueI;  Webbeb,  Esq.  — The  writer  is  pleased  with  the  suggestions 
in  this  paper  and  quite  agrees  with  the  author  in  his  proposal  to  en- 
large the  angle  of  the  grooves  in  the  larger  pulley  and  so  allow  a  suffi- 
cient slip,  by  which  the  elasticity  of  the  ropes  would  allow  them  to 
equalize  the  distribution  of  the  load,  and  bring  all  the  chords  into 
equal  tension.  The  writer  does  not  pretend  to  be  so  much  of  an  ex- 
pert on  "  Rope  Driving  "as  on  some  other  methods  of  transmitting 
power;  but  he  has  always  protested  against  rediicing  the  angle  of  the 
groove  to  less  than  45"^  as  putting  unnecessary  friction  and  wear  on 
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the  ropes;  and  if  more  power  is  needed  than  can  be  obtained  at  that  Mr.  Webber, 
angle,  he  wouki  increase  the  number  of  ropes  rather  than  reduce  the 
angle  of  the  groove.  Neither  would  he  increase  the  angle  of  the 
grooves  in  the  larger  pulley  to  above  65  degrees.  In  any  case,  60° 
gives  an  equilateral  triangle,  in  which  a  rope  ought  to  free  and  adjust 
itself  readily. 

The  actual  observations,  given  on  pages  174  and  175,  of  the  different 
wear  of  the  grooves  in  wooden  pulleys  when  the  angle  in  both  cases 
was  45-,  are  very  conclusive  and  satisfactory.  The  case  quoted  on 
page  170  seems  to  show  that  the  continuous  failure  of  the  ropes  was 
dxie  to  the  small  diameter  of  the  smaller  pulley,  which  was  scarcely 
19  diameters  of  the  rope,  and  is  confirmed  by  the  writer's  observations 
in  two  similar  cases,  where  he  was  called  in  to  examine  and  advise 
after  the  mischief  was  done.  He  would  never  advise  less  than  40  dia- 
meters, or  perhaps  36  for  cotton  rope,  if  he  expected  the  ropes  to  do 
satisfactory  service.  The  case  of  Mr.  Russell's  mill  in  Chicago,  quoted 
on  page  175,  seems  very  satisfactory  proof  of  the 
advantage  of  the  plan  of  increasing  the  angles  of 
groove  on  the  larger  i)ulley. 

The  rough  sketch  from  an  English  "  template" 
(Fig.  11),  which  the  writer  has  cai-ried  in  his 
pocket  these  ten  years,  shows  what  seems  to  him 
a  very  satisfactory  form  of  groove. 

J.  J.  FiiATHER,  Esq. — The  aixthor  has  brought 
out  very  clearly  the  advantages  of  using  a  larger 
angle  in  the  groove  of  the  pulley  which  has  the 
greater  arc  of  contact.  Although  this  construc- 
tion has  been  used  for  a  number  of  years,  its  ap- 
plication is  not  as  general  as  its  advantages  would 
warrant.  Not  only  is  the  load  more  evenly  dis- 
tributed, but,  as  will  be  noted  in  the  analysis  of  the  stresses,  the  total 
load  may  be  twice  as  great  for  a  given  allowable  stress  as  that  obtained 
with  similar  pulleys  having  equal  angles  in  the  groove. 

With  a  continuous  rope  drive,  such  as  here  indicated,  the  use  of  a 
loose  idler  adjoining  the  smaller  pulley,  first  introduced  by  the  author, 
is  an  advantage  in  every  case,  for  momentary  fluctuations  are  con- 
stantly occurring,  and  the  tension  carriage,  unless  loaded  unnecessa- 
rily, will  be  moving  in  or  out  continually,  thus  causing  the  rojje  to  be 
dragged  through  the  groove  of  the  driven  pulley  unless  a  loose  idler 
be  used,  in  which  case  simple  rotation  is  given  to  the  idler. 

While  agreeing  with  the  author  as  to  the  advisability  of  using 
grooves  having  different  degrees  of  inclination  when  the  diameters  of 
the  pulleys  differ  appreciably,  the  writer  would  go  further  and  recom- 
mend that  the  sides  of  the  grooves  be  arcs  of  circles  having  radii  pro- 
portional to  the  diameters  of  ropes  to  be  used  and  to  the  variable  angle 


Mr.  Flather. 
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Mr.  Flather.  desired,  as  shown  in  Figs.  12  and  13.  Although  the  tension  in  each 
member  of  a  rope  drive  may  be  assumed  to  be  the  same,  there  is  un- 
questionably a  variation  of  pull  due  to  momentary  fluctuations,  which 
must  either  be  absorbed  by  the  elasticity  of  the  rope  or  transmitted 
through  it  until  the  strains  are  equalized.  If  the  rope  used  is  uniform 
in  structure,  that  portion  which  receives  the  greater  strain  will  be 
drawn  more  deeply  into  the  groove:  and  if  the  latter  be  of  the  curved 
form,  the  coefficient  of  friction  will  be  reduced;  so  that  the  resultant 
adhesion  produced  in  this  portion  of  the  rope  will  be  less  than  that  in 
some  other  part  which,  under  a  lighter 
strain,  occupies  such  a  position  on  the 
pulley  that  its  coefficient  of  friction,  and 
consequent  adhesion,  is  greater  for  a  given 
back-tension. 

With  the  usual  arrangement  of  pulleys, 

namely,  that  in  which  the  larger  wheel  is 

the  driver,  the  tendency  of  an  increase  in 

Fig.  12.  tension   is   to  increase  the  velocity   of  the 

driven  pulley.     If  several  wraps  of  a  series  occupy  positions  in  the 

grooves  such  that  with  a  given  ratio  of  j^ulley  diameters  the  velocity 

of  the  smaller  piilley  is  twice  that  of  the  driver,  any  decrement,  x^ 

of  the  efifective  radii  of  another  wrap,  which  is  drawn  more  deeply 

into  the  grooves  of  the  two  j^ulleys,  will  alter  the  velocity  ratio  from 

X 


The  tendency  of  this  wrap,  then,  is  to  produce  a  greater 


2,    2 
-to- 

velocity  in  the  driven  pulley,  Avhich  cannot  occur  without  some  slip  in 
the  other  wraps;  but  these  wraps  have  a  greater  adhesion,  and  there- 
fore tend  to  drive  the  pulley  at  a  less 
number  of  turns  per  minute,  which  will 
produce  slip  in  the  more  heavily  strained 
member;  hence  the  effect  of  any  change  in 
position  due  to  sudden  increased  strain  on 
one  wrap  will  tend  to  quickly  adjust  the 
tensions  in  all  portions  of  the  rope  and 
neutralize  any  inequalities  in  driving  effort. 
With   continuous  rope  transmissions  this  Fig.  13. 

effect  will  not  be  so  apparent,  although  it  exists  to  a  certain  extent  on 
account  of  inequalities  in  the  rope  and  various  mechanical  imperfec- 
tions in  the  system. 

In  his  paper  the  author  has  used  a  pulley  diameter  equal  to  forty 
times  the  diameter  of  the  rope.  This  will  be  found  very  satisfactory 
for  general  work,  but  if,  for  any  reason,  it  is  necessary  to  determine 
the  least  diameter  of  pulley  which  may  be  used  in  a  given  case, 
the  speed  of  the  rope  should  enter  as  a  factor,  since  the  wear  and  con- 
sequent life  of  the  rope  will  vary  with  its  velocity.     The  flexibility  of 
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the  rope  also  enters  into  the  problem,  since  this  varies  inversely  as  the  Mr.  Flather. 
cube  of  its  diameter.  Other  considerations  would  indicate  that  while 
forty  times  the  diameter  of  rope  may  be  satisfactory  for  a  2-in.  rope 
running  at  a  high  velocity,  it  is  also  true  that  a  lesser  proportion  will 
give  equally  satisfactory  results  for  a  smaller  rojie  or  for  a  case 
where  the  s2)eod  is  not  so  great. 

Spencer  Miller,  M.  Am.  Soc.  C.  E. — Friction  i)lays  the  important  Mr.  Miller. 
part  in  rope-driving,  and  the  coefficient  varies  witL  the  temperature, 
with  the  degree  of  lubrication  and  with  the  degree  of  finish  of  the 
sheaves.  Centrifiagal  force,  "  creep,"  Aveights  of  rope,  allure  elements 
which  make  the  behavior  of  the  strands  of  a  rope  in  a  continuous  rope 
drive  irregular.  Any  attempt  to  figure  strains  must,  therefore,  be  an 
approximation. 

On  account  of  this  fact  the  aiithor  desires  to  express  his  apprecia- 
tion of  the  expressions  of  aijproval  of  his  paper  from  those  who  have 
taken  part  in  the  discussion  and  who  have  confined  their  comments  to 
the  problem  taken  broadly. 

Answering  Mr.  Webber,  the  author  Avould  say  that  the  rope  drive 
taken  for  illustration  now  has  separate  cotton  ropes,  and  the  dynamo 
is  mounted  so  as  to  slide  and  thus  take  up  the  stretch  of  the  ropes. 
When  one  of  the  ropes  breaks,  all  are  discarded,  and  new  ones  of  ex- 
actly the  same  length  and  from  the  same  coil  are  put  on.  The  drive  is 
so  small  that  this  is  permissible.  The  ropes  last  many  times  longer 
than  before  and  are  entirely  satisfactory,  which  would  seem  to  prove 
that  when  all  the  ropes  pull  alike,  satisfactory  results  are  obtained. 

Mr.  Flather's  discussion  is  very  interesting,  but  the  author  does  not 
agree  with  him  as  to  the  use  of  curved-sided  grooves  for  continuous 
rope  driving.  A  continuous  rope  may  be  made  so  even  in  density  that 
it  may  be  depended  upon  for  uniformity  as  to  its  diameter,  excepting 
where  the  splice  occurs. 

A  groove  with  sides  curving  toward  one  another,  as  shown  in  Figs. 
12  and  13,  interferes  with  the  free  passage  of  the  si^lice.  The  splice  is 
larger  and  weaker  than  any  other  part,  and  should  be  allowed  to  pass 
easily.  The  more  the  sides  curve  in  above  the  line  of  normal  contact, 
the  sharper  the  angle,  and  the  splice  in  passing  rides  higher  in  the 
groove  than  the  other  strands.  The  splice  will  move  slower  than  the 
portion  of  the  groove  with  which  it  is  in  contact,  and  as  that  part  of 
the  groove  is  less  polished  and  of  a  sharper  angle,  it  stands  to  reason 
that  the  splice  will  slip  and  wear  badly.  This  argument,  however,  ap- 
plies to  drives  where  four  or  more  wraps  of  rope  are  used.  The  author 
would  prefer  a  groove  with  sides  curving  away  from  each  other,  and 
having  an  angle  of  45°  where  the  rope  is  in  contact  when  worn  to  its 
minimum  diameter. 

As  the  rope  wears  smaller  (and  hence  becomes  weaker),  it  rests  in  a 
wider  angle  than  when  new  (using  the  curved  form  of  groove  shown  in 
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Mr.  Miller.  Figs.  12  and  13),  and  each  strand  must  pull  more  to  transmit  tlie  same 
horse-power,  as  will  be  seen  by  calculation. 

Roughly  speaking,  the  ratio  of  the  slack  to  the  tight  rope  on  60° 
is  1:  2  (180^  arc  of  contact)  while  on  45°  it  is  1:  2^;  hence,  an  effective 
pull  of  say  150  lbs.  with  an  angle  of  45°,  can  be  secured  with  250  lbs. 
tight  strain  and  100  lbs.  slack  strain;  while  on  60°  it  would  require  300 
lbs.  tight  strain  and  150  lbs.  slack  strain.  Hence  it  is  seen  that  the 
strain  is  increased  20  per  cent.  The  journal  friction  is  increased  30%*; 
for  the  sum  of  the  tension,  with  an  angle  of  45°,  is  only  350  lbs., 
while  with  an  angle  of  60°,  it  is  450  lbs. 

The  straight-sided  groove  is  cheaper  to  make,  easier  to  caliper,  and 
for  continuous  rope  driving  it  is  preferred  by  the  author  to  that  shown 
in  Figs.  12  and  13. 

Mr.  Brinckerhoff  defends  factors  of  safety  of  30  to  40,  because  of 
wear  of  rope  due  to  "creep."  To  show  that  such  factors  are  not 
essential  to  the  satisfactory  life  of  the  rope,  the  author  would  refer  to 
the  life  of  the  rope  in  the  Russell  plant,  mentioned  on  page  175,  and 
add  the  following  data  recently  secured. 

The  driving  engine — a  Hamilton-Corliss,  22x48  ins. — will  develop, 
according  to  the  makers,  270  H.  -P.  at  70  revolutions,  with  80  lbs.  steam 
pressure  and  one-quarter  cut-off,  and  these  are  the  conditions  under 
which  the  plant  has  been  running.  The  fly  wheel  was  grooved  so  as  to 
take  any  rope  from  ^  in.  up  to  1^  in.  The  first  rope  put  on  was  f  in. 
and  lasted  six  years.  This  was  a  common  tallow  laid  rope,  of  probably 
not  over  6  000  lbs.  ultimate  strength.  The  speed  of  this  rope  is  3  080 
ft.  per  minute,  and  the  effective  pull  2  680  lbs. ;  or,  assuming  a  ratio  of 
2  to  1,  the  pull  on  each  tight  rope  would  be  446  lbs.,  showing  that  a 
factor  of  safety  of  only  14  was  suflScient  for  a  life  of  six  years.  How- 
ever, li-in.  rope  is  now  in  use,  and  supplies  a  factor  of  safety  of  20, 
•    which  is  as  small  as  should  be  used. 

The  author  would  reiterate  that  if  a  factor  of  safety  of  20  is  actually 
obtained,  taking  into  account  all  strains,  it  will  be  satisfactory.  In 
many  instances,  however,  he  would  urge  a  higher  factor. 

If  the  life  of  the  rope  was  the  only  consideration,  then  JJ-gi'ooves  of 
highly  polished  iron  would  accomplish  the  result,  but  at  a  tremendous 
loss  in  journal  friction.  A  midway  position,  avoiding  excessive  wear  of 
rope  on  one  side,  and  excessive  journal  friction  on  the  other,  the  aiithor 
believes  to  be  in  an  angle  of  groove  of  about  45°  in  the  pulley  of  the 
less  arc  of  contact,  and  in  widening  the  other  to  the  limit  proposed. 

The  weight  of  the  rope  must  always  be  taken  into  account,  how- 
ever, for  in  vertical  drives  the  weight  of  the  rope  increases  the  hold  on 
the  upper  wheel,  and,  if  sufficiently  high  above  the  lower,  may  have  (in 
spite  of  its  smaller  diameter)  a  wider  angle  than  the  larger  pulley. 

So  far  as  the  author  knows,  Mr.  Hoadley  is  the  only  other  engi- 
neer   who   has    attempted  to  solve  the  problems  occurring  in  rope 
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drives  where  there  is  a  considerable  difference  in  the  diameters  of  the  Mr.  Miller. 
driving  and  driven  pulleys.  His  compound  winder  has  been  exten- 
sively employed,  and  the  results  obtained  are  considered  generally 
satisfactory.  If  the  rope  drive  which  has  been  used  as  an  example 
had  been  remodeled  by  the  introduction  of  a  compound  winder,  the 
drive  would  a])pear  as  in  Fig.  14,  in  which  it  will  be  noticed  that  the  ten- 
sion wheel  is  horizontal  and  above  the  plane  of  the  driving  and  driven 
wheels.  A  winding  pulley  is  placed  between  the  pulleys  and  to  one 
side  of  the  driven  i^ulley,  and  the  driving  rope  makes  two  extra  turns 
around  it  and  the  driven  piilley  before  it  goes  to  the  tension  carriage. 
The  strains  in  Table  No.  7  may  be  seen  in  this  example  to  be  on  an 
ascending  scale,  gradually  multiplying  from  the  last  rope  to  the  first, 
the  compound  winder  serving  to  let  down  the  strain  engendered  in 
the  first  rope  to  that  of  half  the  tension  weight. 


Fig.  14. 

Table  No.  7  ilhistrates  the  strains  in  the  drive  when  a  compound 
winder  pulley  is  iised,  both  wheels  grooved  to  45°,  and  transmitting 
the  maximum  of  power,  with  300  lbs.  as  the  maximum  strain  on  the 
driving  rope,  neglecting  the  strains  on  the  ropes  to  the  winder  iiulley. 

TABLE  No.   7. — Appkoximate  Strains  when  the  Compot:nd  Winder 
PuiiiiEY  IS  Used  ;  Both  Wheels  Grooved  to  45  Degrees. 


Tight  1 

ope, 

5 

....  60  lbs. 

Slack  1 

ope. 

5 

30  lbs. 

" 

4 

90  " 

(( 

4 

45  " 

<( 

3 

135  " 

f  ( 

3 

68  " 

(C 

2 

204  " 

(( 

2 

102  " 

(( 

1 

306  " 

(< 

1 

153  " 

795 

795  —  398  =  397  lbs.  effective  pull. 
397  X4518 


398 


33  000 


=  54H.-P.  -I- 
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Mr.  Miller.  Thus,  it  appears  that  Avith  the  same  maximum  strain  (about  300 
lbs.)  the  total  j)ower  transmitted  is  about  the  same  as  when  the  winder 
pulley  is  omitted,  but  it  is  also  noted  that  while  it  is  imjjossible  with 
60  lbs.  tension  to  carry  the  strain  beyond  306  lbs. ,  in  the  previous  ex- 
ample (Fig.  7),  both  wheels  grooved  to  45-,  a  tension  weight  of  300  lbs. 
made  it  possible  to  pull  as  high  as  675  lbs.  on  tight  rope  No.  4. 

The  author  believes  that  the  real  virtue  in  the  compound  winder  is 
the  fact  stated  by  Mr.  Hoadley,  that  a  sudden  application  of  load 
will  not  cause  slip  on  the  small  inilley  any  more  than  it  would  on  the 
large  pulley,  and,  furthermore,  that  there  can  be  no  sudden  increase 
in  any  strand  beyond  its  safety  limit. 

But,  with  the  author's  j^lan,  whereby  the  resistance  to  slipping  is 
the  same  in  both  pulleys,  there  is  no  more  chance  of  the  rope  slipping 
on  the  small  pulley  than  on  the  large.  The  author's  plan  also  j^re- 
vents  a  sudden  rise  in  the  strain  on  an  individual  strand  as  well  as  Mr, 
Hoadley's  (see  Table  No.  2),  but  the  ropes  do  not  pull  alike  in  the 
latter,  and  they  do  in  the  author's  plan. 

The  author  has  seen  many  of  the  plants  designed  and  installed  by 
Mr.  Hoadley,  and  all  of  them  show  by  the  relative  sag  in  the  ropes 
that  the  strain  gradually  lessens  exactly  in  accordance  with  Table  No. 
7,  but  to  a  less  degree.  When  a  rope  drive  is  installed  with  jjulleys 
near  together,  and  the  rope  is  quite  tight,  a  very  slight  difference  in 
sag  may  mean  a  considerable  difference  in  strain.  For  examjile,  in  a 
drive  with  34-ft.  centers,  using  a  If-in.  rope,  a  difference  of  \  in.  be- 
tween a  sag  of  1:1^  ins.  and  1.^,  ins.  re^jresents  a  difference  in  tension  of 
220  lbs. 

The  example  given  of  the  Eussell  mill  drive  is  a  good  test  of  the 
author's  method,  for  it  was  used  to  transmit  power  for  a  saw  and 
planing  mill,  and  the  sudden  applications  of  load  in  such  a  factory  are 
fully  as  great  as  in  driving  an  electric  jjlant. 

The  author  agrees  with  Mr.  Hoadley  in  the  file-like  action  of 
manilla  roj^e  and  wooden  sheaves,  but  the  irregular  wear  must  be  at- 
tributable to  unequal  strains  in  the  strands. 

Rope  driving  has  certainly  made  great  progress  in  the  United 
States,  but,  unfortunately,  a  rope  drive  is  easier  to  put  up  than  belts 
and  piilleys,  and  many  installations  have  been  made  with  the  single 
idea  of  driving  the  wheels  and  transmitting  the  requisite  power. 

In  consequence  of  this  there  has  been  a  great  deal  of  shiftless  i-ope 
driving  which  has  done  much  to  prejudice  engineers  and  mill  owners 
against  its  use. 

The  author  believes  then  that  it  is  most  important  to  keep  in  mind 
in  designing  a  continuous  rope  drive  that  each  strand  must  feel  the 
effect  of  the  tension  weight  equally,  and  that  the  holding  power  of 
the  rojje  to  the  driving  wheel  (all  things  taken  into  account]  must  be 
exactly  equal  to  that  on  the  driven  wheel. 
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WITH  DISCUSSION. 

In  engineering  works  covering  an  extended  field,  with  operations 
involving  practically  the  same  conditions,  system  and  economy  are 
obtained  by  the  adoption  of  general  standards  of  form  and  specifica- 
tion. This  is  particularly  true  of  the  levee  work  on  the  Mississippi 
River,  extending  over  a  reach  of  aboiit  1  000  miles  of  river,  with  some 
1  200  miles  of  levees,  and  where  there  is  but  slight  variation  in  climatic, 
topographical  and  geological  conditions. 

For  convenience  of  administration  the  Mississippi  River  Commis- 
sion has  divided  the  portion  of  the  alluvial  basin  from  Caii'o  to  the 
Gulf  into  four  districts,  each  of  which  is  placed  under  the  super- 
vision of  an  oflBcer  of  the  United  States  Engineer  Corps.  These 
districts  include  the  levees  built  by  the  local,  State  and  county 
boards,  but  which  are,  to  a  great  extent,  maintained  by  the  Govern- 
ment. The  first  and  second  districts,  extending  from  Cairo  to  the 
mouth  of  the  White  River,  have  been  consolidated  and  are  under 
one  officer.     The  third  district  reaches  from  White  River  to  Warren- 
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ton,  just  below  Vicksbvirg,  and  the  fourth  thence  to  the  head  of  the 
passes. 

The  climate  varies  but  slightly  in  this  entire  reach  of  river,  the 
winter  in  the  upper  districts  being  more  severe  and  extended,  but 
the  other  seasons  partaking  of  practically  the  same  changes.  The 
high-water  conditions  are  much  the  same,  varying  in  average  height 
of  overflow  and  time  of  maximum  gauge  reading.  The  topography 
is  similar:  A  flat  alluvial  plain  intersected  by  numerous  bayous  and 
lakes,  old  river  arms,  etc.,  having  slopes  gently  declining  from  the 
river  and  in  the  direction  of  its  flow. 

The  foundations  on  which  the  levees  stand  and  the  material  of  which 
they  are  constructed  are  of  the  same  geological  epoch,  and,  generally 
speaking,  were  formed  by  the  same  agencies  throughout.  In  the 
lower  district  the  alluvium  is  more  compact  and  tenacious  and  resists 
caving  better  than  in  the  districts  above. 

In  1882  the  first  allotment  for  levee  building  was  made  by  the  Com- 
mission, and  the  work  of  construction  was  undertaken  with  the  same 
dimensions  of  cross-section,  and  the  same  specifications  requii'ed  by 
the  local  boards. 

Since  1882  approximately  50  000  000  cu.  yds.  of  earth  have  been 
placed  in  the  levees  by  the  Government.  The  form  of  these  levees  has 
varied  with  the  local  conditions,  but  since  1887  the  general  specifica- 
tions have  not  been  radically  changed. 

A  few  years  ago  the  Government  adojsted  standard  sections  which 
have  since  been  adhered  to,  except  in  cases  where  the  conditions 
demanded  more  specific  treatment.  The  first,  second  and  third  dis- 
tricts have  practically  the  same  standard  for  all  levees  on  ordinarily 
good  foundations,  and  when  constructed  of  material  not  below  the 
average  in  strength. 

The  standard  dimensions  are:  Crown,  8  ft.;  front  or  river  slope,  3 
to  1;  back  slope,  3  to  1.  Where  the  levee  is  over  11  ft.  in  height,  a  ban- 
quette, at  an  elevation  of  8  ft.  below  the  top  of  the  main  levee,  is  added. 
The  slope  of  the  crown  of  this  banquette  is  10  to  1,  width  of  crown  20  ft. 
and  back  slope  4  to  1.  Where  the  foundation  is  bad,  or  the  material 
weak,  the  banquette  section  and  perhaps  the  front  slope  of  the  main 
levee  is  increased. 

The  dotted  lines  in  Fig.  1  show  the  shrinkage  section  to  which 
levees  are  built.     The  specifications,  as  shown  in  the  accompanying 
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statement  (extract  from  specifications  of  1897),  require  the  levee  to  be 
constructed  in  2-ft.  layers  with  scrai^ers,  on  a  well-grubbed  and  thor- 
oughly plowed  foundation  containing  a  small  exploration  muck-ditch 
filled  back  with  strong  material,  the  best  to  be  found  in  the  vicinity, 
and  sodded  at  2-ft.  intervals  with  Bermuda  grass. 

In  the  fourth  district  the  dimen.sions  of  the  standard  adopted  vary 
with  the  height,  and  are  intended  to  conform  more  nearly  to  the  sup- 
posed theoi-etically  jjerfect  section.  These  variations  may  be  further 
modified  as  in  the  other  districts  when  required  by  abnormal  condition 
of  foundation,  material  of  consti'uction,  wave  wash,  etc. 

For  levees  from  5  to  10  ft.  in  height,  the  crown  is  8  ft.,  the  river 
slope  is  3  to  1,  and  the  land  slojje  2i  to  1. 

For  levees  from  10  to  15  ft.  in  height  the  crown  is  8  ft.,  the  river 
slope  is  3  to  1,  and  the  land  slope  4  to  1  to  within  5  ft,  of  the  crown; 
thence  to  the  crown  it  is  21  to  1. 


For  levees  from  15  to  20  ft.  in  height  the  crown  is  8  ft.,  the  river 
slope  is  3  to  1,  the  first  8  ft.  of  the  land  slope  from  the  ground  is  6 
to  1,  the  next  6  ft.  4  to  1,  and  thence  to  the  crown  2^  to  1. 

Fig.  2  shows  these  sections  and  the  method  of  placing  allowances 
for  shrinkage. 

In  the  upper  districts  10%"  of  the  height,  both  in  wheelbarrow 
and  team  work,  is  required  for  shrinkage. 

These  standard  sections  are  expected  to  withstand  the  water  to 
within  3  ft.  of  the  crown  of  the  levee,  without  excessive  saturation  or 
change  of  form,  and  to  give  unqualified  protection  under  all  normal 
conditions  of  foundation  and  materials  of  construction. 

When  subjected  to  water  above  the  3-ft.  line,  though  they  are  in- 
tended to  remain  intact,  they  cannot  be  considered,  either  theoretically 
or  practically,  standards  of  excellence, 

Plate  XI,  Fig.  1,  shows  a  crevasse  hole  in  a  levee  of  standard  sec- 
tion.    At  the  time  the  photograph  was  taken  the  crevasse  was  being 
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drained;  a  few  days  later  the  construction  of  the  levee  was  commenced 
at  the  end  shown,  and  was  carried  forward  through  the  hole.  Fig.  2, 
Plate  XI,  shows  a  standard  levee,  15  ft.  high,  under  construction. 

About  two  years  ago  it  occurred  to  the  author  to  compare  the 
third  district  levee  section  with  all  the  old  American  sections  and 
with  those  used  in  foreign  countries,  in  order  to  determine  what  evolu- 
tion in  levee  building  there  had  been,  if  any,  and  how  the  i^ractice  in 
one  ijart  of  the  world  comi>ared  with  that  in  another;  each  growing 
out  of  the  necessity  for  protection  against  flood,  modified  by  the 
restrictions  of  economy,  and  each  beginning  with  the  simple  methods 
taught  by  good  practical  sense,  untutored  in  any  scientific  knowledge 
of  earth  or  water. 

The  foreign  sections  were  taken  almost  exclusively  from  the 
valuable  paper  by  William  Starling,  M.  Am.  Soc.  C.  E.,  entitled 
"Some  Notes  on  the  Holland  Dikes,"*  and  its  discussion.  Figs.  3, 
4,  5  and  6  are  cross-sections  of  old  state  levees  and  foreign  levees,  and 
show  this  comparison;  the  principal  dimensions  of  each  levee  being 
indicated  thereon;  the  third  district  standard  being  represented  by 
full  lines,  and  the  foreign  sections  by  dotted  lines.  Where  the  area  of 
the  latter  is  the  greater,  and  is  outside  of  the  standard,  it  is  shown 
with  a  heavy  shading.  Where  the  standard  section  exceeds  the 
foreign,  it  is  indicated  with  a  light  shading.  The  high  water  shown  is 
that  of  the  foreign  rivers,  and  in  most  instances  it  is  less  than  3  ft. 
below  the  crown  of  the  levee,  and  is  not  necessarily  the  highest  water 
the  levee  has  to  withstand  at  that  particular  locality.  By  raising  the 
standard  section  to  the  3-ft.  limit  the  comparison  is  more  favorable  to 
it;  but  this  was  not  done,  as  the  standard  thus  far  in  this  country 
has  been  frequently  required  to  hold  out  water  to  the  crown,  and 
will  continue  to  be  thus  strained  until  many  more  millions  of  the 
public  funds  have  been  expended  in  raising  the  general  line  on  the 
Mississipi^i  to  an  elevation  commensurate  with  the  maximum  high 
water  produced  by  the  confinement  of  the  flood  between  continuous 
levee  lines. 

By  an  examination  of  the  sections  and  the  table  of  approximate 

areas  and  diflferences  it  will  be  seen  that  as  a  general  rule  the  old 

levees   in  this   country  from   1717  to  1835  were  constructed  with  a 

smaller  section  than  the  standard.     The  levee  of  1717  at  New  Orleans 

*  Transactions,  Vol.  xxvi,  p.  559. 
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cannot  be  taken  as  a  criterion  of  tlie  levees  of  that  date,  as  it  occupied 
one  of  tlie  streets  of  the  city  and  was  used  for  a  roadway  18  ft.  in 
width. 

From  1854  to  1873  the  standard  was  nearly  similar  to  the  present, 
but  was  not  generally  adopted  on  account  of  the  necessity  for  economy ; 
the  section  being  reduced  to  obtain  a  greater  length  of  line. 

In  the  majority  of  cases  the  foreign  levees  exceed  the  standard  in 
cross-section,  but,  in  that  i:)ortion  between  the  crown  and  a  horizontal 
13lane  8  ft.  below,  the  excess  in  proportion  to  the  area  is  much  greater 
than  below.  This  is  very  plainly  shown  in  Table  No.  1  in  the  cohxmns 
of  percentages  of  excess  to  area  where  the  foreign  levee  is  greatest, 
and  is  due  to  the  fact  that  these  levees  are  roadways,  either  graveled  or 
paved,  and  are  used  for  general  traffic;  the  wide  cross-section  not  being 
adopted  as  a  protection  against  water,  but  as  the  only  means  of  land 
communication  in  a  country  constantly  subject  to  overflow. 

On  the  new  South  dike  of  the  Linge,  (left  bank)  sections  37  to  40, 
the  excess  in  percentage  of  area  above  8  ft.  is  not  as  pronounced,  be- 
cause here  an  excessive  section  was  given  the  lower  area  on  account  of 
the  weak  and  treacherous  soil  on  which  it  rests.  This  new  South  dike 
of  the  Linge  is  "  the  largest  and  most  elaborate  work,  except  the  sea 
dikes,  that  was  met  with  in  the  Netherlands."  * 

In  the  standard  section,  which  is  not  used  as  a  roadway,  a  crown 
such  as  given  to  most  of  the  Dutch,  German  and  Italian  levees  (from 
16y  to  25  ft.)  would  be  a  waste  of  material,  adding  unnecessary 
strength  to  withstand  hydrostatic  pressure,  and  weight  placed  in  the 
wrong  place  to  economically  counteract  hydraulic  action  as  it  occurs 
in  saturated  soils. 

Eliminating  the  excess  in  area  due  to  roadway,  it  is  found  that  the 
foreign  and  American  practice  are  much  the  same  in  many  instances, 
and  if  the  greater  strength  of  foundation  and  materials  of  construc- 
tion, in  many  instances,  of  the  third  district  levees,  be  taken  into  ac- 
count, the  theory  and  practice  on  the  two  sides  of  the  ocean  will  ap- 
pear very  similar. 

The  question  that  naturally  arises  in  the  mind  of  the  levee  engineer 
is :  How  near  is  the  theoretically  correct  section  to  this  standard,  which 
has  grown  out  of  practical  experience  and  compares  so  favorably  with 
those  adopted  abroad?     This  short  paper  is  submitted  to  the  Society 

Transactions,  Vol.  xxvi,  p.  613. 
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with  the  hope  that  some  of  the  members,  many  of  whom  have  had 
long  and  varied  experience,  involving  the  saturation  of  soils,  clays, 
etc.,  in  dams,  levees,  canals,  etc.,  and  are  learned  in  the  theoretical 
knowledge  of  many  engineering  problems,  may  be  induced  by  discus- 
sion to  throw  some  light  on  a  subject  so  important  in  this  and  also  in 
other  countries,  where  extensive  lines  of  levees  and  earthen  dams  are 
used,  consuming  in  their  construction  large  public  and  private  funds. 

Without  taking  into  account  the  effect  of  waves  on  exposed  levees, 
which  necessitates  recourse  to  special  slopes  and  methods  of  protec- 
tion, planking,  revetments,  etc.,  the  whole  question  of  standard  sec- 
tion depends  on  the  permeability  of  the  embankment  and  foundation, 
that  is,  the  extent  of  seepage,  or  percolation,  and  the  best  form  and 
method  for  overcoming  it  in  different  materials. 

In  buckshot  or  clay,  which  is  practically  impermeable,  the  section 
might  be  given  a  strictly  theoretical  form,  dependent  alone  on  the 
height  of  the  water  and  the  weight  of  the  buckshot;  allowing  some  crown 
merely  for  increasing  the  height  in  time  of  excessive  flood,  the  slopes 
being  plane  surfaces  with  an  inclination  suflBcient  to  insure  the 
required  weight  to  counteract  the  hydrostatic  pressure  and  the  angle  of 
repose  of  the  material. 

In  cases  of  permeable  materials,  light  clays,  sand  and  loam,  the 
levee  becomes  partly  saturated  when  subjected  to  high  water,  the  line 
of  demarkation  between  saturated  and  dry  soil  descending  in  a  hy- 
draulic gradient  varying  iu  inclination  with  the  soil  of  which  the  levee 
is  composed,  and  being  probably  very  irregular  iu  trace  because  of  the 
lack  of  homogeneity  of  the  material  in  the  body  of  the  levee. 

In  Fig.  7,  a  A  B  is  the  supposed  line  of  saturation,  it  will  be  seen 
that  the  material  shown  above  F  D  adds  but  little  to  the  strength  of 
the  levee,  and  the  additional  weight  only  increases  the  force  that  would 
tend  to  push  the  dry  section  down  the  semi-saturated  plane  A  B.  The 
banquette  0  E  F  Hacts  as  a  buttress,  counteracting  any  such  tend- 
ency, and  distributes  the  weight  in  the  most  economical  and  effective 
manner. 

In  surface  soils,  subject  to  direct  rainfall  or  percolation  from 
adjacent  watered  areas,  the  ground-water  stands  at  a  level  dependent 
on  the  composition  of  the  soil,  both  physical  and  chemical,  the  natural 
and  artificial  voids  and  the  hydrostatic  jjressure.  In  nearly  all  soils, 
remote  from  intersecting  fissures,  wells  or  streams,  the  line  or  plane 
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of  saturation  is  parallel  with  the  surface  of  the  ground,  following 
the  inclination  of  hill  and  valley.  Where  wells,  fissures,  or  river- 
beds occur  in  the  surface  soil,  the  line  of  moist  material,  or  jDlane  of 
upper  surface  of  saturation,  is  inclined  toward  the  fissure,  well  or 
river,  the  degree  of  inclination  depending  on  the  consistency  of  the 
soil.* 

Where  the  hydrostatic  pressure  is  great  enough,  the  soil  becomes 
saturated  to  the  surface,  as  is  often  the  case  in  the  land  behind  the 
levees  on  the  Mississipi^i  during  an  overflow.  Where  an  impermeable 
material,  such  as  Mississippi  Valley  buckshot  or  clay  (not  an  ordinary 
soil),  overlies  sand,  and  the  latter  is  subjected  to  any  considerable  hy- 
drostatic pressure,  no  seepage  occurs  through  the  upper  stratum. 
This  is  frequently  demonstrated  in  excavating  levee  borrow-pits  when 
the  water  in  the  river  is  near  the  bank-full  stage  and  the  top  stratum 
is  a  buckshot  of  considerable  thickness.  The  pit  remains  dry  until  the 
plow  or  scraper  penetrates  to  the  sand,  when  it  becomes  in  a  very  short 
time  a  pond. 

The  saturation  of  the  soil  is  due  to  two  causes,  its  ability  to  hold 
the  water  by  capillary  reservoir  action,  and  the  hydrostatic  i^i'essure. 
The  former  difi'ers  greatly  in  diff'erent  soils. 

If  a  levee,  built  of  permeable  material,  extended  in  cross-section  a 
great  distance,  with  crown,  say  1  000  ft.  wide,  instead  of  8  ft.,  the  line 
of  saturation  would  probably  be  parallel  to  the  crown  for  some  distance 
and  at  the  same  or  a  greater  elevation  than  the  water  in  the  river,  de- 
pending on  the  capillary  power  of  the  material  and  the  length  of  time 
the  levee  was  subjected  to  j^ressure. 

By  reducing  the  width  of  crown  to  the  normal  levee  section,  8  ft. , 
the  water  of  saturation  is  affected,  as  in  the  case  of  the  well  or  river  in 
surface  soils,  and  its  surface  made  to  incline. 

The  power  of  soils  to  resist  the  pressure  of  water  is  due  to  their 
specific  gravity,  fineness  of  comminution,  cohesiveness,  and  the 
irregularity  of  individual  particles.  Coarse  sharp  sand  has  greater 
resisting  power  than  that  composed  of  fine,  smooth,  rounded 
particles. 

The  author  estimates  the  strength  of  materials,  as  found  in  this 
levee  district,  to  resist  deformation  due  to  seeisage,  or  their  value  for 
levee  j^urijoses,  in  about  the  following  order: 

*  See  Bulletin  No.  5,  Weather  Bureau,  1892,  on  Ground- Water. 
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(1)  Buckshot  and  gravel  tamped  in  shallow  layers. 

(2)  Buckshot  artificially  mixed  with  sharp  sand  in  shallow  layers. 

(3)  Buckshot  or  clay. 

(4)  Heavy  strong  soils. 

(5)  Coarse  sharp  sand. 

(6)  Light  soils. 

(7)  Fine  sand,  rounded  particles. 

The  value  or  strength  of  a  levee  of  standard  section  can  be  pretty 
fairly  gauged  by  the  position  of  the  line  of  saturation  during  flood 
stages,  if  it  is  constructed  strictly  in  accordance  with  the  accompany- 
ing specifications,  contains  no  perishable  matter,  is  located  on  a  good 
foundation,  and  is  well  drained.  As  far  as  the  author's  knowledge  goes, 
the  position  of  this  line  has  never  been  accurately  determined  for  dif- 
ferent soils  in  this  country.  Surface  observations  during  floods  have 
been  made,  but  with  little  benefit,  as  they  have  never  been  systemat- 
ically recorded,  and  are  at  best  casual  inspections  made  when  it  is 
necessary  to  devote  all  available  time  to  the  administrative  rather  than 
the  experimental  function  of  the  work. 

The  author  has  exiserimented  with  diminutive  levees,  but  found 
the  capillary  action  of  the  lighter  soils  so  extensive  that  the  entire 
section  would  become  saturated,  and  after  many  futile  attempts  that 
method  of  investigation  was  abandoned.  If  the  position  of  this  line 
of  saturation  was  known  for  all  soils  used  in  levee  building,  a  theoreti- 
cally iierfect  standard  could  be  obtained  which  would  reduce  the 
cost  of  levee  construction  to  known  limits  of  economy. 

The  paper  entitled  "The  Levees  of  the  Mississippi  Eiver,"*  by 
William  Starling,  M.  Am.  Soc.  C.  E.,  refers  to  an  extensive  and  care- 
ful series  of  experiments  on  earths  for  levee  building  purposes,  made 
in  Germany  from  1872  to  1877,  by  Mr.  B.  Schelten,  and  published  in 
the  Zeitschriftfur  Bauwesen  for  May  of  the  latter  year.  These  experi- 
ments were  made  to  determine  shrinkage,  strength,  resistance  to  still 
and  running  water,  capacity  for  retaining  water,  etc. ,  but  how  reliable 
or  applicable  the  results  are  to  levee  practice  in  this  country  the 
author  is  not  informed. 

Surface  observations  by  the  writer,  during  high  water,  indicate 
that  in  most  matei'ials,  in  the  standard  levee,  with  crown  3  ft.  above 
the  water,  if  carefully  drained,,  the  line  of  saturation  intersects  the 
*  Engineering  News,  January  30th,  1896. 
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back  slope  below  the  banquette,  which  is  8  ft.  below  the  crown.  With 
the  water  near  the  crown  of  badly  constructed  levees  of  very  poor, 
light  materials,  the  section  becomes  almost  completely  saturated ;  the 
only  resistance  to  subsidence,  or  sloughing,  holding  the  levee  in 
place,  being  the  weight  of  the  abutting  banquette  and  unbroken  sod. 
Local  drainage  of  slopes  in  such  instances  is  very  beneficial.  Badly 
constructed  buckshot  levees  often  slough  after  being  subjected  to 
pressure  a  long  time  ;  great  sections  sliding,  seemingly  on  some  soapy 
inclined  plane  of  cleavage,  and  not  becoming  generally  saturated,  as  in 
the  case  of  lighter  and  more  permeable  materials. 

In  the  new  government  levees,  built  on  average  foundations,  the 
line  of  saturation  varies  from  near  the  banquette  to  a  4  to  1  slope, 
with  the  water  near  the  crown,  but  when  the  water  is  at  the  3-ft. 
limit,  the  slope  becomes  5  to  1  to  8  to  1.  The  degree  of  saturation  as 
perceived  on  the  back  slope  is  very  quickly  reduced  by  a  slight  fall  in 
the  river,  owing  to  the  reduction  of  pressure  and  the  compacting  in- 
fluence of  the  water.     In  many  instances,  where  the  levee  remains 


under  pressure  for  a  long  time  with  the  water  near  the  crown,  after  a 
certain  limit  of  time  the  seepage  decreases,  owing  probably  to  the 
shrinkage  of  the  material  closing  the  interstices  between  the  particles. 

The  problem  of  jjroviding  against  excessive  seepage  is  one  of  great 
importance  in  levees  placed  on  bad  foundations,  and  sometimes  can 
only  be  solved  by  the  use  of  impermeable  cores,  consisting  of  muck- 
ditches  sunk  to  strong  strata  and  filled  with  tamped  clay,  or  sheet 
13iling  driven  beyond  the  limit  of  the  dangerous  subsoil.  Cores  of 
cement  and  other  materials  have  been  advocated  at  different  times, 
but  never  adopted  on  account  of  their  great  cost  and  the  uncertainty 
as  to  their  effectiveness  in  banks  subject  to  such  excessive  shrinkage 
and  expansion  at  diflferent  seasons  and  stages  of  wdter. 

Many  instances  of  bad  foundations,  and  levees  built  of  poor  ma- 
terial giving  way  under  the  pressure  of  high  water,  have  come  under 
the  investigation  of  the  writer;  notably  in  1892,  in  Arkansas,  that  of  a 
levee  constructed  of  sand  on  a  sandy  foundation  underlaid  by  logs 
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and  other  decayed  vegetation.  During  the  flood  of  that  year,  the 
water  forced  a  passage  under  the  levee,  through  a  channel  formed 
in  rotten  logs,  and,  when  the  pressure  became  sufficient,  without 
warning  burst  out  beyond  the  back  slope.  At  first  the  entire  founda- 
tion was  undermined,  leaving  the  upper  portion  of  the  levee  standing 
in  the  form  of  a  bridge  which  was  soon  swept  away  by  the  violence  of 
the  current. 

Seepage  and  percolation  are  natural  in  foundations  and  embank- 
ments and  are  not  to  be  feared  when  the  former  is  free  of  logs  and 
holes  and  the  latter  is  constructed  in  accordance  with  the  latest 
practice;  but,  is  the  standard  the  most  economical  and  the  best  for 
general  practice  on  the  Mississippi  River,  with  the  available  material 
and  necessary  restrictions  in  methods  of  construction? 

It  is  the  opinion  of  some  engineei-s  that,  as  long  as  the  results 
from  practical  methods  are  fairly  satisfactory,  further  investigation 
is  but  an  ultra-refinement  and  unnecessary;  but  in  the  present  status 
of  engineering  practice,  when  "the  best  results  at  the  least  cost" 
seems  to  be  the  jirevailing  motto,  such  an  argument  has  but  little 
meaning  to  those  looking  for  the  highest  standard  attainable,  even  in 
small  matters. 

It  is  by  striving  for  the  i^erfect  in  all  things  that  the  plane  of  a 
higher  civilization  is  reached,  in  which  every  branch  of  engineering  is 
a  most  important  factor. 

Extract  from   Specific ations;    Third   District;    Mississippi   River 

Commission. 

38.  ^'^Preparation  of  Ground. — The  center  line  of  the  levee  will  be 
staked  out  by  an  agent  of  the  United  States.  The  fill  and  slope  stakes 
shall  be  set  by  the  contractor,  from  notes  furnished  him.  All  logs, 
trash,  and  other  objectionable  matter  must  be  cleared  from  the  ground 
to  be  covered  by  the  new  embankment,  and  for  a  distance  of  5  ft.  be- 
yond the  slope  stakes.  The  entire  surface  between  slojje  stakes  must 
then  be  thoroughly  broken  with  a  spade  or  plow,  in  order  to  form  a 
bond  with  the  earth  deposited,  and  such  top  soil  as  in  the  opinion  of 
the  engineer  in  charge  is  unfit  for  the  foundation  shall  be  removed. 
A  muck-ditch  shall  then  be  cut,  when  required  by  the  engineer  in 
charge,  of  such  dimensions  as  he  may  direct.  The  muck-ditch  for 
new  work  shall  be  cut  3  ft.  from  the  center  line  of  the  levee  on  the 
side  next  the  river,  great  care  being  taken  not  to  displace  any  of  the 
stakes  of  the  center  line;  for  enlargement  work,  the  muck-ditch  shall 
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be  cut  near  tlie  base  of  the  old  levee.  All  trees,  stumps,  large  roots, 
crawfish  holes,  and  buried  logs,  where  they  are  known  to  exist,  must 
be  dug  out  for  a  distance  of  5  ft.  beyond  the  slope  stakes  or  base  of  the 
levee.  After  inspection  and  measurement,  these  excavations  and  the 
muck-ditch  must  be  filled  in,  with  approved  material  obtained  from 
without  the  base  of  the  levee,  and  thoroughly  tamj^ed  while  being 
tilled,  to  the  satisfaction  of  the  engineer  in  charge,  or  his  designated 
agent.  All  of  the  foregoing  work  shall  be  completed  for  at  least  300 
ft.  in  advance  of  the  embankment." 

39.  "  Embankment. — The  embankment  will  be  started  full  out  to  the 
side  stakes,  and  be  carried  regularly  up  to  gross  fill,  in  layers  not  ex- 
ceeding 2  ft.  in  thickness,  when  built  by  scrapers,  and  6  ins.  when  built 
by  wheelbarrows.  In  wheelbarrow  work,  the  earth  will  be  carefully 
tamped  either  by  wheeling  over  the  embankment  or  by  employing  one 
rammer  to  two  wheelbarrows.  When  the  embankment  has  been  brought 
up  to  the  proper  height,  it  shall  be  dressed,  and  planted  with  living 
tufts  of  Bermuda  grass,  4  ins.  square,  and  not  more  than  2  ft.  apart, 
well  pressed  into  the  earth  and  lightly  covered  with  soil,  to  the  satis- 
faction of  the  engineer  in  charge,  or  his  designated  agent.  The  con- 
tractor will  cut  down  all  trees,  both  great  and  small,  to  a  distance 
of  100  ft.  from  the  base  of  the  levee  on  both  sides." 

40.  ^'■Borrow  Pits. — Only  clean,  unfrozen  earth,  free  from  all  foreign 
matter,  shall  be  used  in  constructing  the  embankment.  It  will  be  pro- 
cured on  the  river  side,  unless  otherwise  directed  in  writing  by  the 
engineer  in  charge,  and  from  such  places  as  may  be  condemned  for  the 
purpose  by  local  levee  authorities.  In  excavating  and  removing  it, 
great  care  must  be  taken  to  injure  or  disfigure  the  land  as  little  as 
possible.  In  no  case  must  it  be  obtained  within  40  ft.  of  the  base  of 
the  levee  on  the  river  side,  or  within  100  ft.  on  the  land  side,  and  the 
side  slope  of  the  pit  next  to  the  embankment  not  to  be  steeper  than  1 
on  2.  Any  encroachments  upon  the  limits  of  either  side  will  be 
measured  by  the  engineer  in  charge,  or  his  designated  agent,  and  de- 
ducted from  the  amount  of  the  final  estimate.  At  such  intervals  as 
may  be  directed  by  the  engineer  in  charge,  or  his  designated  agent, 
traverses  must  be  left  across  the  borrow-pits  to  prevent  the  flow  of  a 
current  along  the  levee.  The  distances  between  the  traverses  will  not 
be  more  than  500  ft.  They  shall  be  at  least  10  ft.  wide  on  top,  with 
slopes  of  1  on  2.  Borrow-pits  must  not  exceed  3  ft.  in  depth  on  the 
side  next  to  the  levee,  but  they  may  gradually  deepen  with  a  slope  of 
1  on  50  when  on  the  river  side,  and  1  on  100  when  on  the  land  side  of 
the  levee.  All  existing  levees,  or  parts  of  old  levee,  must  be  left,  un- 
less written  permission  of  the  engineer  in  charge  is  given  for  their 
removal." 
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TABLE  No.  1. — Showing  the  Total  Area  in  Excess,  Corresponding 
TO  Comparative  Sections  on  Figs.  3,  4,  5  and  6;  the  Difference 
or  Amount  of  Foreign  over  Standard  Area  and  vice  vei-sa ;  the 
Same  for  Sections  Above  and  Below  a  Horizontal  Line  8  Ft. 
Below  Crown  of  Levee  ;  also  the  Total  Areas  Above  and 
Below  that  Line  and  the  Percentage  of  Excess  to  Total. 
All  Areas  are  en  Square  Feet. 
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Remarks.— In  the  last  column  the  plus  sign  denotes  that  the  standard  section  is  in 

Fig.  3  shows  sections  1  to  9;  Fig.  4,  sections  10  to  22;  Fig.  5,  sections  23  to  36,  and  Fig.  6, 
sections  37  to  48. 
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DISCUSSION. 


Mr.  Wait.  JoHN  C.  Wait,  M.  Am.  Soc.  C.  E. — On  page  205  tlie  author  says: 
"Seepage  and  jiercolation  are  natural  in  foundations  and  embank- 
ments, and  are  not  to  be  feared  when  the  former  is  free  from  holes  and 
logs,"  etc.  On  the  Erie  canal  the  engineers  do  not  feel  safe  if  there  is 
percolation  and  seepage  through  the  banks.  There  are,  it  is  true, 
some  jilaces  on  the  canal  and  under  the  foundations  where  percolation 
and  seepage  exist,  and  breaks  have  resulted.  Whether  the  embankments 
are  constructed  in  accordance  with  the  latest  practice  is  a  matter  the 
speaker  would  not  wish  to  vouch  for.  In  his  experience,  and  in  the 
canal  work  with  which  he  has  been  connected,  it  is  the  aim  to  have  no 
percolation  through  dams  or  embankments.  The  rate  of  slope  at  the 
places  referred  to  was  about  3  to  1,  or  not  very  far  from  those  repre- 
sented in  the  paper.  The  embankments  are  of  puddled  clay  and  stone, 
or  clay  and  gravel. 

Through  the  salt  fields  of  Syracuse,  a  little  west  of  that  city,  there 
is  a  place  where  the  foundation  of  the  tow-path  embankment  is  a  very 
porous  marl,  so-called,  and  there  has  been  seepage  and  percolation 
through  the  marl  underneath  the  embankment  for  many  years.  The 
water  has  been  conducted  away  by  ditches.  It  has  been  a  constant 
source  of  fear  and  annoyance,  and  two  or  three  breaks  have  occurred 
there.  An  embankment  in  this  condition  may  stand  for  five  years,  yet 
to  the  sjaeaker  it  is  always  a  source  of  danger. 
Mr.  Sherrerd.  M.  R.  Shekrekd,  M.  Am.  Soc.  0.  E. — Referring  to  the  Erie  Canal 
embankment  where  the  j^ercolation  occurred,  it  would  be  interesting 
to  know  whether  this  first  percolation  carried  roily  water  with  it.  In 
all  these  constructions  where  the  water  percolates  clear,  if  it  does  not 
come  in  large  quantities,  there  is  no  immediate  danger.  The  siseaker 
once  had  occasion  to  look  into  this  question  in  connection  with  an 
earth  dam  Avith  about  30  ft.  of  water  on  the  up-stream  side.  The  main 
dam  itself  seemed  to  be  perfectly  dry;  at  least,  there  was  no  indication 
of  percolation  on  the  down-stream  side,  but  through  the  sand  hills  on 
either  side  there  was  a  considerable  flow  of  water.  The  dam  was  built 
in  1892,  and  since  that  time  the  flow  through  the  hills  has  diminished, 
until  in  1897  it  was  about  one-quarter  of  the  original  amount.  From  the 
beginning,  however,  the  water  was  always  cleai".  The  question  as  to 
whether  the  water  comes  clear  or  not  should  settle  the  point  as  to  the 
danger  of  most  work  where  there  is  percolation.  In  the  case  referred 
to,  the  hills  along  the  water-line  were  long;  that  is,  the  water  would 
have  to  travel  a  great  deal  further  through  the  hills  to  get  out  than 
if  it  had  come  straight  through  the  bottom  of  the  dam.  This  dam 
was  on  a  stream  with  a  small  drainage  area,  about  2i  square  miles; 
and  having  measured  the  flow  of  the  stream  before  the  construction 
of  the  dam  and  the  leakage  afterward,  it  was  found  that  the  leakage 
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at  the  beginning  of  the  leak  was  about  one-fourth  of  the  flow  of  the  Mr.  Sherrerd. 
stream.     By  throwing  in  gravel  along  the  banks  when  the  leak  first 
occurred,  the  leakage  was  decreased  a  considerable  amount  in  the  first 
month  or  so  after  the  dam  was  filled. 

Alphonse  Fteley,  President  Am.  Soc.  C.  E. — The  subject  of  this  Mr.  Fieley. 
paper  is  interesting,  and  covers  a  ground  somewhat  unfamiliar  to  en- 
gineers in  the  East.  One  of  its  most  interesting  features  is  that  it  shows 
that  the  Government  has  been  endeavoring  to  establish  standard  sec- 
tions, which  will  make  the  levees  secure  with  the  use  of  as  little 
material  as  possible  within  safe  limits  of  percolation.  The  practice, 
especially  in  this  part  of  the  country,  as  Mr.  Wait  has  stated,  has 
Iseen  to  endeavor  to  construct  embankments  in  such  a  way  as  to  have 
no  leakage  or  percolation;  but  in  the  case  of  the  Mississijjpi  levees,  it 
is  a  question,  either  of  having  no  levees  at  all,  or  of  constructing  them 
as  economically  as  possible,  and  in  such  a  way  that  they  will  stand. 
The  regulation  of  the  percolation  so  that  it  will  take  place  without 
interfering  with  the  stability  of  the  structure  is,  therefore,  important. 
It  has  been  studied  abroad  with  a  great  deal  of  care,  and  in  many 
Indian  dams  this  principle  is  followed  to  such  an  extent  that  the  en- 
gineers build  a  drain  in  the  very  heart"  of  the  earth  dams — on  the 
down-stream  side — in  order  to  collect  any  water  that  may  go  through 
and  conduct  it  safely  out  by  special  channels. 

As  an  illustration  of  the  necessity  for  providing  for  proper  drain- 
age, the  speaker  referred  to  a  dam  made  entirely  of  a  bank  of  gravel 
and  containing  about  50  ft.  of  water.  Nothing  whatever  had  been 
done  to  prevent  the  percolation  of  water,  and  jarobably  the  only  thing 
that  saved  the  dam  was  the  very  fact  that  the  material  of  which  it  was 
made  was  rather  fine  on  the  up-stream  portion  of  the  embankment, 
while  the  lower  part  was  made  of  coarser  gravel.  The  flow  of  water 
through  the  dam  was  so  large  that,  at  first  sight,  the  latter  seemed  to 
be  in  a  dangerous  condition.  It  was  ascertained,  however,  that  it  had 
stood  more  than  forty  years,  and  the  evidence  collected  showed  clearly 
that  the  amount  of  percolation,  although  large,  was  less  than  it  had 
been  immediately  after  construction.  Under  those  circumstances, 
it  was  quite  interesting  to  find,  in  the  notes  of  the  original  builder, 
the  statement  that  he  had  erected  a  structure  which  would  last  as 
long  as  the  pyramids  of  Egypt.  A  careful  examination  of  the  numer- 
ous leaks  which  appeared  at  the  down-stream  toe  of  the  embankment 
disclosed  the  fact  that  they  were  running  entirely  clear  and  free  from 
any  solid  materials.  The  conclusion  reached  was  that  the  dam  was  not 
in  immediate  danger,  although  in  a  condition  which  should  not  be 
maintained.     It  was  since  reconstructed. 

The  speaker  fully  agreed  with  Mr.  Sherrerd  as  to  the  importance  of 
ascertaining  in  such  a  case  whether  the  percolating  water  is  clear  or 
turbid. 
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Mr.  Duryea.  Edwin  Dcbyea,  Jr.,  M.  Am.  Soc.  C.  E. — The  designing  of  levee 
sections  should  not  be  confused  with  that  of  canal  and  dam  embank- 
ments, as  their  respective  designs  are  governed  by  entirely  distinct 
considerations,  both  as  to  the  economy  absolutely  necessary  and  as  to 
the  respective  duties  which  the  structures  have  to  perform. 

As  to  the  first  consideration,  that  of  the  strictest  economy,  it  is 
hardly  necessary  to  speak.  It  may  be  well  to  say,  however,  that  be- 
cause of  the  far-reaching  effect  of  back-water  due  to  the  flat  slope  of 
the  river,  and  because  of  the  river  being  divided  into  "  levee  basins," 
it  is  necessary  that  the  levee  be  continuous  from  its  upper  to  its  lower 
end,  throughout  the  whole  length  of  the  basin,  in  order  to  afford  any 
adequate  protection  to  a  basin;  in  consequence  of  which,  appropria- 
tions for  levee  construction  must,  in  general,  be  made  to  cover  the 
whole  length  of  the  basin  rather  than  the  construction  of  an  ideal  sec- 
tion over  any  part  of  it. 

The  demands  for  the  protective  work,  as  a  whole,  are  so  great,  in- 
cluding, besides  levees,  so  many  costly  special  features,  such  as  the 
protection  of  caving  banks  and  cutting  bends,  and  the  needs  are  so  far 
in  advance  of  the  available  appropriations  that  the  greatest  fund 
available  for  levees  may  be  regarded  as  the  least  possible  amount  for 
which  a  probable  protection  can  be  secured. 

The  preceding,  while  an  attempt  to  show  that  levees  cannot  be  had 
except  with  small  sections,  is,  of  course,  from  an  engineering  stand- 
point, no  justification  of  their  being  so  built;  but  a  study  of  the  rela- 
tive duties  performed  by  levees  on  the  one  hand,  and  by  canal  and  dam 
embankments  on  the  other,  will  convince  one  that,  for  engineering- 
reasons  alone,  it  is  perfectly  proper  to  design  the  former  with  much 
smaller  sections,  considering  the  quality  of  material  used,  than  would 
be  suitable  for  the  latter. 

The  duty  of  a  canal  or  dam  embankment  is  to  sustain  the  full  head 
of  water  for  which  it  is  designed,  for  long  periods,  usually,  in  this 
climate,  for  about  nine  months  in  the  year;  while  levees  may  be 
regarded  as  emergency  structures,  in  actual  use  for  only  short  periods 
each  year  (and  some  years  not  at  all),  and  even  then,  generally,  under 
less  heads  than  those  for  which  they  were  designed. 

As  instances  of  the  very  short  periods  during  which  levees  are  in 
actual  use,  the  following  tables  are  given.  Tables  Nos.  2  and  4  show 
the  dates  between  which  the  water  surface  of  the  Mississijjpi  River 
was  above  the  level  of  the  natural  river  bank,  or  the  i^eriods  during 
Avhich  the  levees  were  under  any  head  of  water  whatever;  and  Tables 
Nos.  3  and  5  the  time  of  passage  of  the  crest  of  the  rise,  during  which 
the  levees  were  subjected  to  a  great  and  nearly  constant  head;  also  the 
periods  during  which  the  heads  were  more  than  4  ft. 

From  Table  No.  2  it  will  be  seen  that  levees  built  to  withstand 
heads  of  presumably  12  ft.,  with  water  3  ft.  below  the  top,  were  sub- 
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TABLE  No.  2. — Periods  from  1888  to  1890,  iNCLUsrvE,  durino  which  Mr,  Duryea- 

THE     LEVEES     AT     CaIRO,    IlL.  ,     WERE     SUBJECTED    TO    ANY     HEAD    OF 
WATER. 


Year. 

Interval. 

Time. 

1HH8.... 

From  March  27th  to  Apri 
River  not  above  bank 
From  Jan.      16th  to  Jan. 

Feb.      13tli   "  P>b. 

Feb.     27th   "   April 

19th  = 
level  = 
30th  = 
20th- 
15th  = 

23  days. 

1889. 

0      " 

1890.... 

14  days. 
7      " 
47      " 
—              68      "■ 

Total  in  3  years  =  91 


TABLE  No.  3. — Periods  from  1888  to  1890,  in'clusive,  during  which 
THE  Cairo  IiEvees  were  subjected  to  great  and  nearly  con- 
stant heads;  also  the  actual  heads. 


Year. 

Interval. 

Time. 

1888... 

From  March  2ilth  to  April 

10th  ^ 

12  days. 

1889... 

No  head  against  levee. 

1890... 

From  Jan.       19th  to  Jan. 

25th- 

6 

"     Feb.      15th   "  Feb. 

19th  -^ 

4 

"     March    1st    "  March 

5th- 

4 

5th  " 

11th  - 

6 

"     nth  " 

23d    ■-= 

12 

"       23d     "   April 

5th  = 

13 

"     April      5th  '' 

10th- 

5 

10th  "       •• 

13th- 

3 

Heads. 


Feet. 
From  4   to  6it 


Total  in  3  years,  with  heads  over  4  ft.  =  61  days. 
"  "  "  7  "    =-36      " 


TABLE  No.  4. — Pebiods  from  1886  to  1892,  inclusive,  during  which 
levees  at  Memphis,  Tenn.,  were  subjected  to  any  head  of 
water. 


Year. 

Interval. 

Time. 

1H86 

From  Feb.      20th  to  March    2d    = 
•      April      2d       •   May        4th  = 
"      May      Itith   "      "         28th  = 

■'      Feb.        5th   "  March  28th  t= 
■      May        1st    •■   May     12th  = 

"      March  29th   '■  April    26th  = 

River  not  above  bank-level 

From  Jan.      17th  to  April    25th  = 

"  Feb.  10th  "  •'  30th  = 
April      7th   •'  June     21st  = 

10 
32 
12 

51 
11 

days. 

1887 

54  days. 

1888 

62  days- 
28      •• 

1889 

0      '• 

1890 

98      "• 

1891 

79      ■' 

1892. . . . 

75      " 

Total  in  7  years  =  396  days. 
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Mr.  Duryea.  TABLE   No.    5. — PebIODS  FROM   1886  TO  1892,  INCIiUSrVE,  DUBING  WHICH 

THE  Memphis  Levees  were  subjected  to  great  and  nearly  con- 
stant heads;  also  the  actual  heads. 


Year. 

Interval. 

Time. 

Heads. 

1886 

From  Feb.      23d    to  Feb.      27th  = 

April      7th   "  April    1.3th  = 

13th  "  May       2d    = 

"        May       2d     "      "           3d    = 

20th  "      "         25th  = 

Feb.      nth   "  Feb.      16th  = 

16th   "  March  26th  = 

March  26th  "       "       27th  = 

May        .3d     "  May       8th  = 

April      2d     "  April      5th  = 

5th   "       "        19th  = 

19th   "       "        22d    = 

No  head  against  levee. 

From  Jan.      20th  to  Feb.        5th  = 

"        Feb.      17th   "      "         23d    = 

March    6th   "  March  14th  = 

14th   "  April    16th  = 

"        April     16th   "       "         19th  = 

"        March    1st    "   April    21st  — 

April    15th   "  May      11th  = 

May      25th  "  June    21st  = 

4  days. 
6      " 

19      '• 
1      " 

5  " 
5      " 

38      " 
1      " 

5  " 
3      " 

">  :: 

16      " 

6  " 
8      " 

33      " 
3      " 
51      " 

26  " 

27  " 

Feet. 
FromO 
"     4 
"     6 
"     6 
"     0 
"     4 
"      6 
•'     6 
"     0 
•'     4 
"     6 
"     6 

■'     0 
"     0 
"      4 
"      6 
"      6 
"     4 
"     4 
"     4 

Feet, 
to  2 

1887 

••    6 
"   8 
•'    4 

'•    4 
"    6 

1888 

••    8 
'•    4 
•'    3 
'•    6 

1889 

'•    7 
"    4 

1890 

••    4 

1891 

"    3 
"    6 

::? 

"    6 

1892 

"    5i 

"    5t 

Total  in  7  years,  with  heads  over  4  ft.  =  238  days. 
"       "  7      "  6  ft.  =  104     " 


jected  to  any  head  of  water  only  91  days  in  3  years;  and  fi'om 
Table  No.  3,  for  the  same  3  years,  to  heads  exceeding  4  ft.  during 
only  61  dayS;  and  to  heads  exceeding  7  ft.  during  only  36  days;  and 
twice  to  extreme  heads  of  9i  ft. 

From  Table  No.  4  it  will  be  seen  that  levees  built  to  withstand 
heads  of  presumably  6  ft.,  with  water  4  ft.  below  the  top,  were  sub- 
jected to  any  head  of  water  only  396  days  in  7  years;  and  from  Table 
No.  5,  for  the  same  7  years,  to  heads  exceeding  4  ft.  during  only  238 
days,  and  to  heads  exceeding  6  ft.  during  only  104  days;  and  twice 
to  extreme  heads  of  8  ft. 

Not  only  can  levees  be  regarded  as  emergency  structures,  but  as 
temporary  ones  as  well — or  rather  as  structures  which  have  a  fair 
probability  of  being  abandoned  while  still  in  good  condition,  to  be 
replaced,  because  of  caving  banks  or  threatened  cut-offs,  by  new 
levees  in  safer  locations.  A  short  time  spent  in  watching  the  caving 
banks  of  the  Mississippi  and  Missouri  rivers  will  disabuse  anyone  of 
the  idea  that  levees  should  be  regarded  or  treated  as  permanent  struc- 
tures, on  which  increased  ex^jenditure  will  give  any  certainty  of  in- 
creased safety  and  time  of  service. 

Even  should  a  levee  not  be  abandoned  because  of  caving  banks,  a 
great  increase  of  section  would  not  necessarily  make  it  proof  against 
the  river;  for  the  alluvial  foundations  are  poor,  in  varying  degrees, 
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and  levees  may,  and  probably  often  do,  fail  because  of  water  working  Mr.  Duryea. 
through  the  ground  under  them  and   "blowing  up  "  on  the  land  side. 

During  the  comparatively  short  periods  of  highest  water  it  is  usual 
and  necessary  to  watch  the  levees  constantly  with  a  force  prepared  to 
make  instant  repairs;  and  this  necessity  may  arise  from  causes  entirely 
independent  of  the  size  of  the  section,  such  as  unusual  variations  in 
the  surface-slope  of  the  river,  due  to  high  winds  or  to  the  piling  of 
water  in  bends,  high  waves,  etc. 

With  such  a  constant  supervision  even  saturated  embankments 
may  be  prevented  from  sloughing,  and  so  still  be  able  to  perform  their 
only  duty — that  of  holding  out  the  water  till  the  rise  passes — when 
any  special  weaknesses  can  usually  be  repaired  at  some  leisure. 

In  conclusion,  while  the  funds  available  for  levees  make  it  impos- 
sible to  have  them  at  all,  except  with  small  sections,  there  are  many 
natural  conditions  which  justify  the  use  of  sections  relatively  small  in 
comjiarison  with  canal  embankments.  Canal  embankments,  in  their 
normal  condition,  are  under  full  heads  of  water — levees  under  no 
head.  The  former  must  hold  the  water  so  that  the  loss  by  seepage  is 
a  minimum, while  in  levees,  seepage  is  not  considered  at  all,  except  as 
aflfecting  their  safety.  Canal  embankments  are  watched  in  only  a 
moderate  degree  while  under  stress;  levees  with  vigilant  and  constant 
care.  The  former  are  i^ermanent  structures  built  on  firm  foundations 
and  are  likely  to  be  in  use  for  many  years ;  the  latter  are  on  much  more 
uncertain  foundations  and  are  liable  to  be  abandoned  after  only  a  short 
use  because  of  the  encroachment  of  the  river. 

The  first  consideration  in  engineering  is,  and  has  always  been,  a 
safe  and  full  performance  of  the  duty  for  which  the  structure  is  de- 
signed; but  the  second  is  certainly  the  accomplishment  of  this  result 
at  the  least  cost;  and  each  year  the  standard  of  good  engineering  more 
strictly  requires  that  there  shall  be  no  expenditure  beyond  that  neces- 
sary to  attain  the  result  sought. 

While  not  in  the  least  meaning  to  advocate  the  use  of  unduly  small 
sections  for  levees,  the  speaker  wishes  to  emphasize  the  fact  that  the 
duties  to  be  performed  by  canal  embankments  and  by  levees  are  widely 
different,  and  that  their  design  and  construction  should  be  governed 
by  different  considerations;  and  that  which  would,  in  the  case  of  a 
canal  embankment,  be  only  a  fairly  satisfactory  section,  might,  in  a 
levee,  in  view  of  their  relative  duties,  be  wasteful,  and  hence,  jjoor 
engineering. 
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CORRESPONDENCE. 


Mr.  Douglas.  H.  S.  DouGLAS,  Esq.  — The  writer  does  not  think  that  a  standard 
levee  section  is  practicable,  as  the  factors  entering  into  the  problem 
are  too  numerous  and  variable.  If  all  the  factors  mentioned  in  the 
paper  were  known,  there  is  still  one  which  has  not  been  given  that 
woiild  have  to  betaken  into  account.  In  the  sentence  (page  192)  "The 
high-water  conditions  are  much  the  same,  varying  in  average  height 
of  overflow  and  maximum  gaiige  reading,"  the  words  "  and  duration  " 
should  be  inserted  after  the  word  "  height." 

It  must  be  borne  in  mind  that,  as  levees  are  commonly  constructed, 
their  safety  lies  in  the  fact  that  they  are  under  strain  for  compara- 
tively short  periods.  That  they  break  occasionally  is  to  be  expected. 
That  they  hold  as  well  as  they  do  is  a  matter  of  surprise.  There  are 
few  levees  on  the  Mississijjpi  River  which  would  hold  if  the  extreme 
high  water  lasted  for  a  year.  This  being  the  condition,  two  levees 
precisely  similar  in  material  and  foundation,  one  located  in  the  vicinity 
of  Cairo,  and  the  other  in  the  vicinity  of  New  Orleans,  would  not  re- 
quire the  same  section.  One  would  be  under  strain  for,  say,  forty 
days,  and  the  other  for  one  hundred  and  twenty  days.  This  principle 
once  established  would  lead  to  still  further  refinements,  because  the 
duration  of  the  strain  would  vary  on  different  parts  of  the  levee,  being 
least  at  the  top  and  greatest  at  the  bottom.  If  the  minimum  thick- 
ness of  the  levee  at  the  extreme  flood  line  is  fixed,  then  the  thickness 
at  the  base  should  bear  some  relation,  say  as  5  to  60,  or  whatever 
may  be  the  duration  of  the  different  heights  of  the  water  above  the 
base  of  the  levee,  as  determined  by  the  record  of  the  nearest  reliable 
gauge. 

Generally  the  present  standard  levee  has  a  crown  width  of  8  ft.,  and 
side  slopes  of  3  to  1.  In  a  levee  of  this  section,  11  ft.  high,  assume 
that  the  water  is  against  it  to  a  height  1  ft.  below  the  top  or  grade. 
At  the  surface  the  hydrostatic  pressure  is  zero,  and  the  duration  of  the 
strain  the  minimum.  The  thickness  of  the  embankment  or  distance 
on  a  horizontal  line  between  wind  and  water  at  this  elevation  is  14 
ft.  Two  feet  below  grade  there  is  a  pressure  of,  say,  62.5  lbs.,  and  the 
duration  of  the  strain  has  increased.  The  thickness  of  the  embank- 
ment has  increased  to  20  ft.  Three  feet  below  grade  there  is  a  pressure 
of  125  lbs.  and  a  further  increase  in  the  duration  of  the  strain,  but  the 
thickness  of  the  embankment  is  only  26  ft.  At  11  ft.  below  grade  the 
pressure  becomes  625  lbs. ,  the  duration  of  the  strain  has  vastly  in- 
creased, but  the  thickness  of  the  embankment  is  only  74  ft.  The 
pressure  has  increased  ten  times,  but  the  thickness  of  the  embankment 
has  not  increased  in  proportion.  The  fourth  district  levee  sections, 
as  given,  are  developed  somewhat  on  the  lines  thus  indicated,  but  they 
do  not  go  far  enough. 
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In  i)ractice,  an  intelligent  levee  engineei-,  who  is  personally  familiar  Mr.  Douglas, 
•with  any  designated  levee  district,  and  has  a  minute  personal  knowl- 
■edge  of  the  ground  to  be  traversed,  will  design  the  best  and  most 
economical  section  for  that  particular  levee.  If  he  has  had  an  ex- 
tended experience  during  floods,  the  princijml  factor  in  determining 
the  size  of  the  levee  section  will  be  the  amount  of  money  available  to 
pay  for  it.  With  this  as  a  governing  factor,  it  is  scarcely  probable  that 
he  will  have  an  opportunity  to  err  in  the  way  of  an  excessive  section. 

Stevenson  Akcher,  Jr.,  Esq. — The  present  construction  of  levees  Mr.  Archer,  Jr. 
along  the  Mississipi^i  Eiver,  based  upon  a  theoretical  standard  of  pei*- 
fection  under  given  conditions  in  reference  to  stage  of  water  and 
uniform  material,  is  set  forth  clearly  in  this  paper.  If  in  the  con- 
struction of  levees  there  could  be  dependence  upon  a  uniform  material 
with  known  pressure,  or  regular  stage  of  water,  it  would  be  useless  to 
enter  into  a  discussion  or  to  offer  any  suggestions.  However,  as  these 
conditions  do  not  exist,  a  few  remarks  based  upon  observation  and 
experience  will  probably  suggest  the  impracticability  of  seeking  to 
establish  on  a  theoretical  basis  a  line  of  levees  through  the  Mississippi 
River  bottom. 

First  to  be  considered  are  foundations.  Throughout  the  Missis- 
sij^pi  delta  there  exist  no  uniform  strata,  although  the  line  of  demarca- 
tion is  clear  in  every  instance,  there  being  three  distinct  classes  of 
soil,  namely,  buckshot,  loam  and  sand,  deposited  in  different  localities 
and  in  different  order.  Instances  have  been  known  to  the  writer 
where  levees  built  of  "buckshot  or  clay,  which  is  practically  imper- 
meable," and  in  accordance  with  the  specifications  in  every  particular, 
but  with  a  siibstratum  or  foundation  of  quicksand,  have,  without 
water  i^ressure,  given  way  on  account  of  their  own  weight.  Since  it  is 
impossible  to  obtain  a  uniform  material,  any  theory  evolved  for  soil 
of  any  particular  character  would  be  out  of  the  question  in  most  in- 
stances. In  fact,  there  are  long  lines  of  levees  constructed  of  two  and 
sometimes  three  different  kinds  of  soil,  consequently  increasing  or 
decreasing  the  standard  of  resistance,  which  must  not  be  a  variable 
quantity  in  theoretically  standard  cross-sections. 

Admitting  the  practicability  of  securing  a  faultless  foundation, 
"there  arises  the  question  of  seepage,  which  is  considered  to  be  the 
most  disastrous.  It  is  generally  believed,  after  the  experience  of  the 
high  water  of  1897,  that  when  the  levees  are  completed  to  the  present 
established  grade,  3  ft.  above  said  high  water,  that  as  far  as  volume 
and  height  are  concerned  they  will  be  sufficient  to  withstand  any 
future  flood  not  greatly  exceeding  that  of  1897,  provided  excessive 
seepage  and  saturation  can  be  prevented.  The  evil  effects  of  seepage 
have  been  very  thoroughly  explained,  both  in  the  exhaustive  descrip- 
tion of  the  Holland  dikes,  *  and  in  the  paper  under  discussion.     The 

*  "  Some  Notes  on  the  Holland  Dikes,''  by  William  Starling,  M.  Am.  Soc.  C.  E., 
Transactions,  Vol.  xxvi,  559. 
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Mr.  Archer,  Jr,  most  disastrous  of  these  is  the  sloughing  away  of  the  back  slope,  which, 
leaves  without  support  that  portion  of  the  levee  immediately  under 
the  crown,  and  this,  being  thoroughly  saturated,  follows,  and  a 
crevasse  is  the  result. 

The  banquette  was  adopted  a  few  years  ago  as  a  reinforcement  for 
large  levees,  to  prevent  sloughing.  Fig.  7  would  indicate  that  the  sat- 
uration occasioned  by  seepage  stojjped  at  the  line  of  the  back  slope,  a 
little  below  its  intersection  with  the  crown  of  the  banquette.  If  this 
were  always  the  case,  the  value  of  a  banquette  would  be  established 
beyond  question,  but  in  many  instances  seepage  shows  itself  at  some 
distance  above  the  banquette,  and,  draining  down  aids  the  saturation 
which  becomes  so  thorough  as  to  cause  sloughing. 

Heavy  seepage  has  also  been  known  to  occur  at  an  elevation  6  ft. 
below  the  top  of  the  slope  for  a  distance  of  several  hundred  feet,  while 
the  adjoining  levee  for  an  equal  distance  showed  few  signs  of  percolation. 

The  cause  of  this  was  doubtless  due  to  the  use  of  material  of  inferior 
quality.  To  avoid  the  disastrous  effects  of  excessive  seepage  the 
writer  is  of  the  opinion  that  wherever  new  levees  are  constructed,  the 
inspector  in  charge  should  be  required  to  keep  accurate  notes  of  the 
various  soils  used,  the  order  in  which  they  are  placed  and  the  depth 
of  the  layers  ;  then,  as  the  river  begins  to  rise  up  the  slopes  of  the 
levee,  the  inspector  should  be  required  to  observe  and  record  the 
points  where  percolation  occurs  on  the  slope,  and  the  distance  below 
the  water  surface.  From  this  information  the  average  hydraulic 
gradients  might  be  obtained,  and  slopes  jJarallel  to  the  line  of  satura- 
tion established,  thus  controlling  seepage  and  forcing  it  to  drain  out 
into  the  seep  ditch  near  the  toe  of  the  slope. 

The  value  of  a  seep  ditch  has  been  regarded  apparently  with  indif- 
ference, but  in  the  opinion  of  the  writer  it  should  be  included  with  the 
specifications,  and  receive  the  careful  consideration  of  the  engineer  in 
charge.  The  inclination  of  the  water-shed  in  the  delta  is  naturally 
toward  the  inland  streams,  and  consequently  the  seep  water  would 
eventually  find  its  way  through  them  into  the  river  below. 

Although  the  writer  suggests  the  impracticability  of  constructing 
a  strictly  theoretical  levee,  he  is  of  the  opinion  that  the  best  results 
can  be  obtained  by  constant  observation  and  a  thorough  knowledge  of 
the  locality  and  the  material,  in  connection  with  a  study  of  methods 
of  construction  and  actual  experience. 
Mr.  Gordon.  B.  B.  GoKDON,  Esq. — The  question  proi^ounded  by  the  author,  "  Is 
the  standard  the  most  economical  and  the  best  for  general  practice  on 
the  Mississippi  River,  with  the  available  material  and  necessary  re- 
strictions in  methods  of  construction?"  is  one  of  great  interest  and 
importance  to  the  levee  engineer.  In  levee  building,  as  much  as 
in  other  engineering  works,  the  question  of  economy  is  not  to  be 
determined  by  first  cost,  as  one  crevasse  may  result  in  enormous  loss^ 
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out  of  all  propor'tion    to    the  relative  cost  of  a  levee  with  large  or  Mr.  Gordon, 
small  section. 

As  shown  clearly  l»y  the  author,  the  strength  of  a  levee  is  largely 
dependent  on  the  character  of  the  material  of  Avhich  it  is  built,  and, 
as  is  well  known  to  those  familiar  with  the  work  on  the  Mississippi 
River,  the  material  may  change  in  the  space  of  a  few  hundred  feet. 
The  two  classes  of  material  on  which  the  author  places  the  highest 
value  for  levee  construction,  viz.,  buckshot  mixed  with  gravel,  and 
buckshot  mixed  with  sharji  sand,  arerarely  ever  obtainable  in  practice 
within  the  limits  of  economy.  With  buckshot,  as  ordinarily  found,  it 
would  appear  from  exiJerience  that  the  present  third  district  stand- 
ard, with  slopes  3  to  1  on  each  side,  and  an  8-ft.  crown,  reinforced  with 
a  banquette,  where  over  11  ft.  in  height,  is  amply  strong,  and  about  as 
economical  as  can  well  be  obtained.  With  lighter  materials  a  flatter 
back  slope  would  be  i^referable,  and  at  points  where  exposed  to  wave 
wash  a  very  much  flatter  front  slope,  even  8  to  1  from  the  high-water 
line  to  a  dei)th  of  some  4  or  5  ft.,  with  the  standard  3  to  1  above  and 
below,  is  very  desirable;  and,  while  much  more  expensive  in  construc- 
tion, is  the  most  economical  in  the  end,  in  the  saving  of  high-water 
expense  and  in  subsequent  repairs. 

The  writer  had  a  case  in  i)oint  at  Ben  Lomond,  in  the  Lower  Yazoo 
district,  where,  during  the  high  water  of  1892,  the  cost  for  protection 
against  wave  wash  was  some  §1  500  for  about  1  mile  of  very  exposed 
levee.  The  repair  work  during  the  next  season  was  placed  on  the  back 
slope,  and  the  front  slope  left  as  it  had  been  made  by  the  action  of  the 
waves,  about  8  to  1,  for  a  depth  of  some  4  ft.  below  high-water  line 
and  3  to  1  above.  During  the  flood  of  1893  the  high-water  cost  was 
about  §150  on  the  same  levee,  and  in  1897,  the  next  high-water  season, 
not  one  dollar  was  expended  on  it. 

The  question  of  the  "  line  of  saturation  "  referred  to  by  the  author,  is, 
as  he  says,  so  dependent  on  the  character  of  the  material  and  method  of 
construction,  as  w'ell  as  on  the  age  of  the  levee,  and  its  previous  subjec- 
tion to  pressure,  that  it  is  virtually  impossible  to  reach  any  definite  con- 
clusion from  it,  as  to  a  standard  section.  In  vei-y  light  soils,  and  in  levees 
of  new  construction,  almost  the  entire  mass  becomes  saturated,  and 
sloughing  is  very  liable  to  occur,  while  the  same  levee,  after  two  or  three 
years,  will  become  as  firm  and  compact  as  buckshot,  and  be  equally  safe. 

However,  as  any  levee  is  liable  to  be  subjected  to  pressure  within  a 
few  months  after  its  construction,  it  would  be  wise  to  adopt  such  a  sec- 
tion as  would  make  it  safe  under  any  circumstances.  This  section  is 
entirely  a  matter  of  judgment  and  experience,  and  is  dependent  on 
the  location,  as  well  as  on  the  material. 

In  general  it  would  seem  to  be  best  to  determine  the  section  by  the 
local  conditions  of  soil  and  location,  and  not  attempt  to  establish  any 
rigid  standard  to  be  adhered  to  in  all  cases. 
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Mr.  Fortier.  Samukl  Fortier,  Esq. — From  the  writer's  experience  in  building 
earth  embankments  to  retain  water,  he  can  approve  of  many  of  the 
statements  contained  in  this  interesting  paper.  There  are,  however, 
other  features  of  the  work  described  which  he  cannot  fully  compre- 
hend, owing,  doubtless,  to  his  ignorance  of  the  character  of  the  ma- 
terials used  and  the  requirements  of  the  levee  sections. 

Referring  to  Fig.  7  the  author  states  that  the  additional  weight  of 
the  unsaturated  portion  of  the  prism  would  tend  to  push  it  down  the 
semi-saturated  plane  ^4  B.  In  all  ordinary  materials,  it  would  be  -per- 
haps  more  correct  to  state  that  the  weight  of  the  dry  prism  F  C  B  B 
would  tend  to  make  the  excessively  saturated  portion  beneath  bulge 
out  along  the  slope  A  H,  and  occasionally  along  the  water  slope.  In 
either  case,  the  dry  portion  on  top  is  a  source  of  weakness  rather 
than  of  strength,  whenever  the  material  beneath  has  absorbed  so  much 
water  as  to  destroy  its  cohesiveness  and  jjower  of  resistance.  The 
truth  of  the  above  statement  was  amply  demonstrated  on  the  West 
Branch  of  the  Bear  River  Canal  System  in  Utah.  A  portion  of  this 
canal  was  excavated  along  a  steep  hill-side,  composed  chiefly  of  in- 
durated clay,  carrying  a  high  percentage  of  very  fine  sand.  The  canal 
had  a  bottom  width  of  about  15  ft.,  a  depth  of  10  ft.,  and  a  carrying 
capacity  of  1  OOQ  second-feet.  The  center  line  was  located  in  such  a 
manner  as  to  keep  the  water  area  wholly  in  excavation,  and  the  excess 
of  material,  of  which  there  was  an  abundance,  was  dumped  on  the  low 
side  as  shown  in  Fig.  8.  During  the  first  three  months  of  operation 
the  bottom  and  sides  of  the  newly  excavated  channel  absorbed  much 
water,  which,  collecting  beneath  the  lower  embankment,  reduced  the 
material  to  a  semi-liquid  state  and  the  heavy  load  above  forced  the 
saturated  mass  outward  and  caused  the  slide  indicated  by  the  heavy 
line.  A  small  well-compacted  embankment  carried  up  2  or  3  ft.  above 
the  plane  of  the  water  surface,  with  a  top  width  of  6  ft.  and  side 
slopes  of  2  to  1,  would  have  proved  much  stronger  and  safer  and  could 
have  been  constructed  for  perhajas  one-third  the  cost. 

"  The  whole  question  of  standard  section,"  says  the  author,  "  de- 
pends on  the  permeability  of  the  embankment  and  foundation." 
From  this  it  may  be  inferred  that  if  the  embankment  and  foundation 
were  made  impervious,  a  much  smaller  section  would  suffice.  If,  then, 
the  prevention  of  seepage  is  so  essential  a  feature  in  the  construction 
of  levee  sections,  why  is  an  effort  not  made  to  render  the  embankment 
more  compact?  If  clay  is  the  only  material  available,  the  section 
given  by  the  author  is  probably  the  best  that  can  be  used.  To  moisten 
clay  with  a  view  of  puddling  it  increases  its  bulk  and  renders  it  less 
compact  than  when  it  is  rolled,  or  rammed,  in  a  dry  state.  If,  how- 
ever, a  mixture  of  gravel,  sand,  loam  and  clay  can  be  readily  and 
cheaply  obtained,  the  writer  suggests  that  the  form  of  cross-section 
and  the  manner  of  building  be  slightly  modified. 
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In  scores  of  instances  throughout  the  Western  States  it  has  been  Mr.  Fortier. 
shown  that  the  materials  of  which  ordinary  soils  and  subsoils  are 
composed,  providing  the  percentage  of  clay  be  small,  can  be  made 
more  compact  and  imi^ervious  to  water  by  simply  throwing  the  ma- 
terials into  water  than  by  any  amount  of  ramming  in  a  dry  state. 
The  backfilling  of  trenches  for  water  pipe,  gas  pipe  and  sewers  dui'ing 
the  past  five  years  in  the  West  has  been  usually  done  by  tilling  the 
trench,  after  the  danger  of  flotation  is  prevented,  about  two-thirds  full 
of  water  and  then  scraping  or  shoveling  the  backfilling  into  the  water. 
Subsidence  rarely  takes  place  in  trenches  so  filled.  In  regard  to  the 
Mississijipi  levees,  if  it  were  practicable  to  raise  sufficient  water  from 
the  river  to  maintain  a  canal  in  the  center  of  each  levee  during  its 
construction,  a  more  compact  and  impervious  embankment  could  be 
formed.  The  water  would  first  be  pumped  into  the  muck  ditch,  which, 
by  being  gradually  filled  in  and  widened,  could  be  readily  converted 
into  a  canal  and  maintained  until  high-water  mark  was  reached. 
In  this  manner,  and  with  the  materials  named,  the  writer  has  built 
embankments  from  20  to  27  ft.  in 
height    which    were    impervious 

and  did  not  shrink  more  than  1  ^^■■ 

per  cent.  Assuming  that  the 
materials  near  the  center  of  the 
section  could  be  compacted  in 
the  manner  described,  a  smaller 
section  might  be  adopted.  The 
banquette  might  be  dispensed  / 
with  and  the  outer  slope  changed 
from  3  to  1  to  a  slope  of  2  to  1.  p'ig.  8. 

In  a  too  hasty  perusal  of  the  paper,  the  writer  is  somewhat  puzzled 
to  account  for  the  allowance  of  10%  for  shrinkage.  An  embankment 
which  is  liable  to  settle  10%"  at  the  center  may  do  very  well  to  supi3ort 
a  locomotive  and  train,  but  is  certainly  unsafe  to  retain  water.  Of 
course,  as  the  author  remarks,  the  question  of  cost  must  be  considered; 
l>ut,  as  no  hydraulic  engineer  would  attempt  to  construct  reservoir 
embankments  of  such  loose  material,  one  may  be  pardoned  in  asking 
why  so  porous  a  mass  of  earth  is  to  be  preferred  on  levee  embank- 
ments. 

WrLiiiAM  Starling,  M.  Am.  Soc.  C.  E. — The  proportions  of  the  Mr.  Starling, 
cross-section  to  be  given  to  a  water-txirning  embankment  will  depend 
mainly  on  three  circumstances:  the  foundation,  the  material,  and  the 
manner  of  construction.  In  the  case  of  levees,  the  last  element  may 
be  said  to  be  a  constant  quantity.  All  levees  are  now  built  according 
to  certain  well-established  rules,  Avhich  are  laid  down  by  the  author  in 
his  extracts  from  the  specifications  at  i^resent  in  vogue  in  the  third 
United  States  district,  which  are  substantially  the  same  as  those  used 
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Mr.  Starling,  by  the  State  services,  at  least  in  Mississippi.  It  is  perhaps  not  gener- 
ally understood  that  many  of  the  local  levee  boards  have  done  as 
much  for  the  protection  of  their  own  territory  as  the  United  States 
authorities,  and  some  have  done  much  more.  The  first  contribution 
made  by  the  General  Government  to  the  building  of  levees  was  in 
1882.  Since  that  time,  according  to  the  author,  they  have  put  up 
50  000  000  cu.  yds.  of  earth.  Now,  the  two  Mississippi  levee  districts, 
since  that  date,  have  put  up  about  25  000  000  cu.  yds.  by  their 
own  exertions,  and  are  still  unremittingly  engaged  in  the  prosecution 
of  the  work.  These  two  districts  constitute  less  than  one-fourth  of 
the  whole  line.  All  the  other  districts  have  contributed  more  or  less, 
and  some  of  them  have  been  very  active.  Since  the  date  mentioned, 
July,  1882,  the  Lower  Yazoo  (Mississippi)  Levee  Board  have  expended 
$5  224  235.11,  while  the  United  States  authorities  have  spent  or  are 
spending  about  $2  100  000. 

The  mode  of  construction  being  the  same  in  all  cases,  the  variables 
of  the  jjroblem  are  the  foundation  and  the  material  of  which  the  bank 
is  to  be  composed.  It  might  not,  at  first  sight,  be  evident  how  the 
nature  of  the  foundation  could  affect  the  cross-section  of  a  levee  to  be 
built  on  it.  Levees  are  very  cheap  constructions,  and  it  is  economi- 
cally imijossible  to  carry  them  down  to  solid  or  impermeable  founda- 
tions. They  have  to  be  built  on  the  surface  of  the  ground;  and  this 
may  be  clay,  sand  or  loam,  never  solid,  always  more  or  less  porous 
and  often  treacherous.  If  the  ground  be  of  the  latter  nature,  it  is 
often  necessary  to  give  the  levee  a  very  broad  base,  to  keep  it  from 
"  blowing  up,"  that  is,  to  keep  the  water  from  breaking  through  under 
the  bottom  of  the  embankment.  It  is  for  this  reason  that  so  wide  a 
base  was  given  to  the  New  South  LingeDike,  in  Holland,  of  which  the 
author  has  given  some  sections  in  Fig.  6. 

There  are  three  well-defined  classes  of  earth  to  be  found  in  the 
alluvial  plain  of  the  Mississippi,  namely,  clay,  sand,  and  loam.  It  is 
observed  that  the  author  has  included  "buckshot  mixed  with  gravel  " 
as  one  of  the  possible  combinations  of  material ;  but,  as  a  matter  of  fact, 
there  is  no  gravel  available  for  purposes  of  levee  construction.  There 
are  gravel  bars  in  the  river,  and  there  are  gravel  strata  underlying  the 
alluvium,  belonging  to  the  modified  drift  formation,  40  or  50  ft.  or 
more  beneath  the  surface  of  the  ground;  but  there  is  none  which  is  of 
any  possible  use  for  levees. 

The  clay  is  usually  decidedly  silicious  in  composition.  The  sand 
is  mostly  fine,  and  mixed  with  a  considerable  proportion  of  earthy 
jjarticles.  Coarse  sand  is  rare,  and  pure  sand  is  seldom  or  never  en- 
countered, though  sand  approximating  purity  is  sometimes  found  in 
the  vicinity  of  crevasses,  where  it  has  been  deposited  by  the  overflow- 
ing swift  currents  of  water.  In  such  cases,  if  the  ground  is  required 
for  a  levee,  the  sand  is  usually  either  removed  altogether,  or  placed 
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in  a  banquette.  It  may  be  said,  then,  that  pure  sand  is  eliminated  Mr.  starling, 
from  the  list  of  levee  materials.  Where  it  is  absolutely  necessary  to 
use  it  (as  it  sometimes  is),  extraordinary  dimensions  are  given  to  the 
levee.  In  one  instance,  where  the  levee  was  a  very  large  and  import- 
ant one,  side  slopes  of  one  on  five  were  used,  and  even  these  dimen- 
sions were  subsequently  increased.  The  material  was  sand,  as  nearly 
pure  as  it  is  found.  Loam  is  a  fine  silicious  earth  with  a  considerable 
proportion  of  lime.  It  resembles  in  appearance  and  in  composition 
the  Loess  of  the  Missouri  valley,  and  was  probably  derived  from  it. 

As  the  material  for  the  construction  of  the  levee  is  usually  obtained 
directly  in  front  of  the  line,  the  foundation  and  the  embankment  are, 
in  most  cases,  composed  of  the  same  quality  of  earth.  This  quality 
itself,  however,  is  extremely  variable.  Frequently  there  is  a  stratum 
of  the  blue  or  black  clay,  locally  known  as  "buckshot  earth,"  1  or  2 
ft.  thick,  on  the  surface,  while  under  it  there  is  a  stratum  of  sand  of 
indefinite  thickness.  One  hundred  or  two  hundred  feet  further  down 
the  line,  the  clay  stratum  may  thicken  to  the  extent  of  5  or  6  ft. ,  or  it 
may  run  out  to  nothing. 

In  the  very  rare  case  of  a  levee  composed  of  good  "buckshot  "  of 
tolerably  uniform  quality,  with  a  foundation  of  the  same  extending 
several  feet  below  the  surface,  it  would,  no  doubt,  be  possible  to  build 
a  safe  embankment  with  less  than  the  ordinary  cross-section.  Exam- 
ples of  this  construction  may  be  seen  in  the  dikes  of  the  Waal,  in  Hol- 
land, of  which  the  author  gives  sections  in  Fig.  5  of  his  paper.  The 
earth  along  the  banks  of  the  Waal  is  of  excellent  quality,  and  uniform 
to  a  depth  of  several  feet.  In  the  Mississipi:)i  Valley  the  clay  is  seldom 
of  sufficient  thickness  or  extent  to  make  any  departure  from  the  or- 
dinary proportions  advisable,  in  the  direction  of  a  diminished  section. 
On  the  other  hand,  it  is  often  thought  expedient  to  increase  the  stand- 
ard dimensions  in  the  case  of  unusually  light  or  treacherous  material ; 
but  it  would  be  a  very  difficult  task,  in  the  present  state  of  our  knowl- 
edge, to  prescribe  any  rule  for  the  modifications  required,  except  such 
as  are  furnished  by  the  judgment  of  the  engineer.  Sand  diflers  from 
sand,  and  loam  from  loam,  nor  is  there  any  recognized  means  of  defin- 
ing the  gradations  of  difference.  In  many  cases,  experience  with 
particular  localities  gives  valuable  hints  for  future  constructions  in 
those  places. 

Horace  M.  Marshall,  M.  Am.  Soc.  C.  E. — While  diking  is  the  Mr.  MarshaU. 
only  method  of  keeping  floods  from  overflowing  the  land,  and  while 
levee  building  is  a  natural  and  rational  outgrowth  of  conditions  which 
obtain,  yet  it  is  highly  questionable  if  it  is  well  to  force  the  growth 
faster  than  the  river  can  accommodate  itself  to  the  change.  It  may  be 
that  the  longitudinal  section  of  the  levee  more  urgently  needs  looking 
after  than  the  cross-section,  and  that  natural  conditions  were  better 
left  to  work   out  their  own  salvation;  leave  it  a  fight  for  the  land 
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Mr.  Marshall,  against  the  water,  on  a  basis  of  "  present  worth  "  of  the  land  operat- 
ing to  control  the  extension  of  the  system. 

A  filament  of  water  penetrating  a  levee  is  imijelled  by  hydrostatic 
pressure  horizontally,  and  by  gravity  and  caiiillary  action  vertically 
in  opposite  directions.  Capillary  action  has  effect,  however,  only 
through  a  limited  distance,  determined  by  the  surface  tension  of  the 
water,  the  character  of  the  material,  and  the  diameter  of  the  inter- 
stices. When  the  weight  of  the  column  of  water  balances  the  force 
resulting  from  the  foregoing  causes,  capillary  action  stops;  so  that 
the  effect  is  to  produce  a  band  of  earth  and  water  superposed  on  the 
line  of  saturation;  that  is,  the  line  where  more  water  added  will 
cause  flow.  Below  this  line  gravity  is  not  counteracted  by  capillarity, 
and  friction  alone  opposes  motion.  Friction  may  arise  or  alter  from 
various  causes,  which  will  determine  the  amount,  but  the  effect  will 
vary  only  in  degree  to  diminish  the  velocity  of  the  filament  moving 
under  hydrostatic  pressure  and  gravity.  Gravity,  by  drawing  the 
filament  downward  to  a  lower  plane,  subjects  its  particles  to  an  in- 
creased head.  Hence  the  movement  will  be  due  to  the  constant  force 
of  gravity  and  the  constantly  increasing  hydrostatic  pressure,  and 
the  isath  will  be  a  parabola.  But  why  not  some  other  curve?  A  body 
moving  under  a  constant  force  and  a  continually  increasing  force  will 
travel  along  a  curve  of  the  second  degree,  and  it  is  not  violent  to  con- 
clude that  it  will  be  similar  to  the  path  of  a  body  moving  under  a 
constant  force  and  a  constantly  diminishing  force,  only  curved  the 
opposite  way.  In  popular  parlance  it  "  will  seek  the  line  of  least 
resistance."  It  is  easy  to  the  mathematician  to  write  the  equa- 
tion and  demonstrate  the  line  of  the  resultant  of  forces  acting;  along 
this  it  will  go  since  there  is  no  consciousness  or  volition. 

If  the  line  of  saturation  were  straight,  a  rise  of  the  plane  of  the 
water  on  one  side  of  a  levee  would  cause  an  equal  vertical  raise  of  the 
trace  of  seepage  on  the  other  side,  for  the  material  being  homogeneous, 
it  would  move  parallel  to  itself,  but  it  does  not ;  fact  thereby  prov- 
ing the  truth  of  the  reasoning.  Other  conditions  being  the  same,  a 
rise  in  the  water-surface  may  materially  increase  the  quantity  of  flow 
without  any  great  change  in  the  elevation  of  the  trace.  The  latus 
rectum  is  changed  by  the  greater  difference  in  velocity  in  upper  and 
lower  strata  due  to  increased  difference  in  head. 

Then  make  the  sides  of  the  levee  parabolic?  Yes,  probably,  but 
how  shall  the  parabola  be  determined  in  each  case?  By  the  resistance 
offered  by  the  material;  that  is,  the  friction  opposed  to  the  motion  of 
the  water  going  throtigh.  This  can,  of  course,  only  be  ascertained  by 
measurement;  probably  through  pipes  driven  in  the  levee,  in  series, 
to  different  depths  and  at  different  distances  from  the  front  slope, 
which  will  permit  a  determination  of  the  hydraulic  gradient  under 
various  conditions  of  the  river  surface.  It  will  be  well  to  note  that  the 
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friction  will  vary  in  the  same  material  with  the   distance  its  particles  Mr.  Marshall. 

are  apart,  and  that  distance  will  he  aft'ected  in  any  plane  by  the  weif^ht 

above  the  plane.     Hence,  the  weight  of  the  material  above  the  line 

A  B  in  Fig.  7  may  be  of  great  vahie  in  adding  to  the  friction  below, 

even  if  it  does  dispose  of  the  material  to  better  purpose,  in  preventing 

overtopping,  to  take  earth  from  the  back  slope  and  heajj  it  up  in  a 

wall  along  the  front  of  the  crown. 

In  this  light,  the  decreased  seepage,  after  the  falling  of  rain  upon 
the  levee,  or  a  slight  fall  in  the  water,  can  be  accounted  for  by  the 
added  superposed  weight;  and  even  the  rise  of  w^ater  in  the  borrow 
jjits,  when  the  surface  of  the  pit  is  stripped,  by  the  decreased  sujjer- 
posed  weight;  for  certainly  capillary  action  must  cease  at  the  surface 
and  the  water  simply  stand  unless  carried  off  by  evaporation. 

These  considerations  would  lead  to  making  the  landward  slope  of 
a  standard  levee  conform  to  a  parabola  parallel  to  the  line  of  satura- 
tion and  at  a  distance  above  it,  depending  on  the  efficiency  of  weight 
in  lessening  friction.  No  greater  crown  width  would  be  required  than 
is  needed  to  allow  for  degradation  by  wear  and  tear.  The  river-side 
slope  is  governed  by  consideration  of  wave  wash  almost  entirely,  for, 
while  the  material  forming  the  slope  offers  some  frictional  resistance 
to  seepage,  it  could  be  more  advantageously  placed  back  of  a  vertical 
plane  through  the  front  edge  of  the  crown. 

It  will  be  observed  that  among  those  who  have  attended  longest  in 
the  painful  and  trying  school  where  experience  serves  as  a  teacher, 
both  in  foreign  lands  and  on  the  lower  Mississippi,  the  trend  is 
toward  the  theoretical  section,  thus  proving  once  more  that  science  is 
"  but  the  orderly  and  methodical  digestion  and  arrangement  of  the 
knowledge  of  the  many." 

J.  D.  Van  Meter,  Esq. — In  the  writer's  connection  with  the  Mis-  Mr.  Van?Meter. 
sissippi  levees,  it  was  his  lot  to  hold  a  position  peculiarly  favorable 
for  observation  during  the  high  water  of  1897. 

At  the  upper  end  of  the  division  assigned  to  his  charge,  which  was 
also  the  beginning  of  the  Third  Mississippi  River  district,  the  levee 
w-as  considered  a  fairly  good  one.  This  was  owing  to  its  material 
rather  than  its  cross-section,  as  it  was  not  of  standard  j^roportions, 
having  sloj^es  of  about  2  to  1  on  the  back,  3  to  1  on  the  front,  an  8-ft. 
crown,  and  no  banquette.  Though  the  levee  was  of  a  good  stiff  buck- 
shot (which  is  generally  conceded  to  be  the  best  material  obtainable 
in  the  Lower  Mississippi  River  bottoms),  it  was  clearly  demonstrated 
that  the  cross-section  was  insufficient.  There  was  no  crevasse  in  the 
levee,  but  it  was  only  maintained  by  dint  of  hard  work  and  the 
abundance  of  labor  at  hand.  This  portion  of  the  line  w'as  built  up 
to  a  grade  3  ft.  above  any  previous  high  water,  but  during  previous 
high-water  stages  there  had  been  no  levee  on  the  opposite  bank.  The 
effect  was  that  the  flood  line  along  this  section  of  the  river  was  raised 
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Mr.  Van  Meter,  about  2  ft.  The  levee  was  only  about  12  ft.  high.  As  the  water 
approached  a  stage  approximately  3  ft.  below  grade,  seepage  appeared 
at  the  base,  and  extended  up  the  slojie  several  feet.  After  the  water 
passed  the  3-ft.  stage  and  api^roached  the  top  of  the  levee,  the  whole 
of  the  back  slope  became  saturated,  and  after  reaching  a  stage  above 
the  grade  of  the  levee,  then  confined  by  a  narrow  topping,  the  back  sloi)e 
was  a  streaming  surface  of  water.  The  river  at  that  time  was  rising  from 
0.3  to  0.4  ft.  in  twenty-four  hours,  and  the  danger  was  most  manifest. 
The  back  slope  would  break  at  or  near  the  crown,  and  slide  out  in  a 
mass,  leaving  a  perpendicular  wall  of  thoroughly  saturated  earth, 
which  had  to  be  depended  on  until  it  could  be  strengthened.  This 
occurred  in  a  levee  of  excellent  material,  though  of  less  cross-section 
than  the  standard.     The  foundation  along  the  line  is  excellent. 

Another  feature  of  peculiar  interest  was  observed  at  places  where 
the  cross-section  was  of  standard  dimensions,  but  the  foundation  was 
treacherous.  The  levee  is  of  sandy  loam  and  maintained  a  dry  back- 
slope  throughout  the  flood  stage,  but  the  base  was  honeycombed  by 
small  cavities  that  spurted  sand  to  an  extent  sufficient  to  fill  a  depres- 
sion measuring  several  hundred  cubic  yards.  The  natural  result  was 
the  caving  or  settling  of  the  back-slope  to  compensate  for  the  lost 
material.  These  sand-boils  are  very  alarming  in  appearance,  yet  they 
very  seldom  result  disastrously  to  the  levee. 

The  following  notes  relate  to  a  faulty,  not  to  say  a  treacherous, 
foundation  for  a  levee  now  being  constructed  to  close  one  of  the 
crevasses  of  last  season.  This  levee  is  of  standard  cross-section,  and 
25  ft.  high,  which  is  rather  exceptional,  as  the  height  of  levees  here 
would  average  scarcely  more  than  14  ft.  The  construction  was  com- 
menced and  prosecuted  under  peculiar  disadvantages.  Excessive 
rainfall  during  December  and  January  retarded  the  progress  of  the 
work  to  such  an  extent  that  only  the  front  half  of  the  levee  could  be 
built  of  approved  material  (buckshot)  up  to  about  half  of  the  height, 
when  the  engineers  were  confronted  with  a  rising  river  that  cut  off 
the  supply  of  material  from  the  front.  This  forced  a  resort  to  a  silty 
deposit  on  the  back  to  complete  the  embankment  to  the  height  to 
which  the  front  half  had  been  constructed.  Slight  trouble  was  ex- 
perienced from  the  sinking  or  settling  of  the  foundation,  until  the 
whole  cross-section  had  been  brought  up  to  within  5  ft.  of  the  grade. 
Then  there  was  a  breaking  and  settling  just  back  of  the  center  line  of 
the  cross-section.  The  ajjpearance  of  this  seam  or  crack  was  the  tii'st 
intimation  of  an  insecure  foundation  (other  than  a  slight  compression 
of  the  entire  foundation).  The  natural  surface  outside  of  the  base 
began  to  bulge  or  rise  on  the  front,  extending  50  or  60  ft.  beyond  the 
limit  of  the  slope.  This  was  not  a  general  movement  of  the  base,  as 
it  extended  only  to  the  front,  the  line  of  demarcation  being  a  crack 
with  almost  periiendicular  walls.     The  break  at  first  extended  over 
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200  ft.,  and  as  the  embankment  ap-  | 
proached  completion,  on  either  side 
of  the  break,  it  increased  in  extent  S 
and  covered  600  ft.   of  the  incom- 
pleted   levee,   involving  a  uniform  « 
proportion  of  the  section  through- 
out.    Fig.  9  illustrates  the  sinking  ~ 
of  this  levee.     The  sections  plotted  „ 
for    the    different    days    show    the 
position  of  the   different  layers   of  g 
material  under  the  siipposition  that 
they   were  forced  uniformly   down  » 
into  the  quick-sand  foundation.    As 
material  was  added  to  the  moving 
mass,  the  sinking  continued,  and  it 
was  determined  that  the  movement  | 
was  lateral  rather  than  due  to  com- 
pression of  the  base,  because   the  « 
bulging  still  went  on,  and  the  em- 
bankment slid  on  a  stratum  of  stiff  "" 
buckshot  slightly   more  than    2  ft. 
below   the   natural   surface   of  the 
depression  crossed  by  this  portion  ^ 
of  the  line.     This   bulging  or   dis- 
placement  of    material    has   at   its  ^ 
extreme  attained  a   height  of  6  ft. 
above    its    normal    i:)lane.      In    its  g 
movement   stumps   and   trees  were 
carried  to  a  distance  of  60  ft.  beyond  S 
the    toe    of     the    slope.      Counter 
pressure  would  have  been  resorted  § 
to,  except  that  a  diminution  in  the 
movement  Avas  noticeable  after  the  * 
first  few  davs;  the  break,  and  conse- 
quent  movement,  being  very  sudden  " 
and  decided  for  the  first  four  days, 
with   a   pronounced   decrease,  even 
under  a  continual  deposit  of  material 
on  the  moving  mass. 

This  is  offered  to  demonstrate  to 
some  extent  the  impracticability  of 
evolving  a  section  suited  to  all  con- 
ditions affecting  levee  construction, 
through  an  alluvial  bed  of  such 
varied  deposits. 


Mr.  Van  Meter. 
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Paimer  C.  Ricketts,  M.  Am.  Soc.  C.  E. — This  paper  is  particu- 
larly interesting  to  the  writer  for  the  reason  that  he  has  just  finished 
a  system  of  dikes  for  the  protection  of  the  City  of  Corning,  N.  Y. ,  from 
floods  in  the  Chemung  River.  This  is  believed  to  be  the  first  complete 
system  constructed  in  the  Northern  States,  though  other  cities  which 
greatly  need  such  protection  have  been  prevented  from  obtaining  it  on 
account  of  the  cost.  In  fact  the  problem  of  protection  from  floods  in 
more  or  less  mountainous  districts  is  difi'erent  from  that  to  bo  consid- 
ered in  sparsely  settled  regions  similar  to  those  in  which  most  of  the 
Mississippi  River  levees  have  been  built.  The  cost  of  the  land  and  of 
the  existing  structures  which  must  be  removed,  not  only  to  obtain  a 
base  for  the  embankments,  but  often  to  give  sufficient  water-way  be- 
tween them,  together  with  the  cost  of  the  necessary  devices  for  the 
drainage  of  the  protected  areas  will  generally  form  the  larger  part  of 
the  expense  of  the  system.  As  the  streams  have  a  much  greater  slope 
than  the  Mississippi,  in  fact  are  more  or  less  "flashy,"  the  flood 
j)eriod  is  short  and  the  dangers  resulting  from  saturation  are  not  so 
^reat  as  in  the  case  of  the  Mississippi  levees.  The  erosive  action  of 
iihe  flood  is  most  to  be  feared. 

In  the  Corning  dikes  the  river  slopes  are  generally  1  on  3,  and  the 
land  slopes  1  on  2,  with  a  crown  8  ft.  in  width.  All  vegetable  mate- 
rial was  removed  from  the  base.  Grass,  for  instance,  was  removed  by 
scrapers,  the  sod  taken  oflf  being  from  6  to  8  ins.  thick.  The  sod  was 
Also  removed  from  the  borrow  pits,  as  no  vegetable  material  was 
allowed  in  the  body  of  the  dikes.  This  sod  was  utilized,  however,  as 
the  slopes  and  crown  were  covered  with  a  6-in.  layer  of  earth  suitable 
for  the  growth  of  grass.  The  layer  had  to  be  incorporated  with  the 
body  of  the  dike  as  the  building  jsroceeded,  and  not  merely  j^laced  on 
top.  After  the  removal  of  all  vegetable  material,  the  base  was 
ploughed  in  furrows  parallel  to  the  length.  Whenever  new  material 
had  to  be  placed  on  an  embankment  which  had  been  sun-dried  or  other- 
wise hardened,  as,  for  instance,  when  two  sections,  made  at  different 
times,  were  to  be  joined,  the  hardened  surface  was  thoroughly 
ploughed  to  insure  an  intimate  mixture  and  close  joint. 

The  dikes  were  made  in  layers,  generally  with  drag-  and  wheel- 
scrapers,  though  for  a  considerable  length,  where  a  long  haul  was 
necessary,  wagons  loaded  by  a  "Western  Elevating  Grader"  were 
used.  To  isrovide  for  shrinkage  10%  was  added  to  the  height  of  the 
embankments  as  finally  required.  The  yardage  paid  for  was  only  that 
corresponding  to  the  cross-section  as  finally  required;  that  is,  no  pay- 
ment was  directly  made  for  the  material  added  for  shrinkage. 

Bermuda  grass  is  not  successfully  grown  in  northern  climates,  and 
the  specifications  required  that  grass  seed  consisting  of  equal  parts  of 
Kentucky  blue  grass,  hard  fescue,  sheep's  fescue,  red  fescue  and 
various-leaved  fescue,  should  be  sowed  on  toj)   and  over  both  slopes 
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about  the   1st    of  April.       On   account   of   the  slopes,  as  mucli  as  5  Mr.  Ricketts. 
bushels,  of  14  lbs.  each,  was  used  per  acre.     The  results  obtained  were 
very  satisfactory.     The  fescues  are  very  deep-rooted,  forming  a  thick 
mat  of  roots,  and  they  grow  well  in  sandy  or  gravelly  mixtures. 

Sufficient  base  for  the  required  slopes  could  not  always  be  obtained. 
In  one  place  a  retaining  wall  1  200  ft.  long  had  to  be  built  to  narrow 
the  base  and  protect  a  road.  The  river  slope  along  this  wall  could  be 
made  only  1  on  IL  Consequently,  this  slope  had  to  be  paved.  Gen- 
erally the  foot  of  the  paving  at  the  various  bridge  abutments  and  else- 
where rested  against  12xl2-iu.  hemlock  sticks  which  were  below  low 
water  and  were  drift-bolted  to  oak  i)iles  8  ft.  in  length,  and  spaced  5 
ft.  ajaart  from  center  to  center.     The  stone  paving  was  12  ins.  in  depth. 

In  order  to  complete  the  system  two  bridges  had  to  be  prolonged, 
seven  streams  flowing  into  the  river  had  to  be  taken  care  of  in  different 
Avays,  and  thirteen  lines  of  leaded  cast-iron  pipe,  from  1  to  3  ft.  in 
diameter,  were  used  to  carry  the  sewers  and  surface  drainage  through 
to  the  river.  "Wherever  it  was  possible  the  flowing  streams  were 
taken  care  of  by  prolonging  the  conduits  built  to  carry  them  until 
their  land  ends  were  above  high  water.  One  such  circular  conduit 
was  of  brick,  7  ft.  in  diameter  and  700  ft.  long.  Other  streams  were 
carried  through  the  dikes  in  iron  pipes,  with  flap  valves  on  their  river 
ends,  and  slide  valves,  for  safety,  in  manholes  under  the  crown  of  the 
embankments.  For  surface  drainage,  12-in.  cast-iron  pipes  were 
sometimes  used,  and  in  these  the  slide  valves  were  under  the  land 
slopes  with  valve  boxes  reaching  to  the  surface. 

L.  J.  Le  Cokte,  M.  Am.  Soc.  C.  E. — The  proper  cross-section  to  Mr.  Le  Conte. 
adopt  in  the  construction  of  levees  for  reclamation  works  has  always 
engaged  the  watchful  attention  of  the  ablest  engineers.  The  most 
rational  cross-section  in  any  given  case  will  depend  upon  the  character 
of  the  material  available — also  upon  that  of  the  foundation.  Hence  it 
is  impossible  to  design  a  proper  section  without  a  thorough  knowledge 
of  the  physical  properties  of  the  materials  to  be  used  in  construction, 
and  this  important  knowledge  cannot  be  obtained  in  a  day. 

The  author  properly  states  that  the  saturation  line,  during  high- water 
stages,  is  the  best  guide  to  the  proper  section  for  the  levee.  The  writer 
has  given  much  attention  to  this  part  of  the  subject  for  many  years. 
The  main  difficulty  is  that  the  line  of  saturation,  in  most  cases,  is  not 
only  irregular,  but  also,  at  each  particular  site,  continues  to  grow 
flatter  and  flatter,  day  by  day,  as  the  time  of  high  water  is  prolonged ; 
and,  if  the  stage  continues  long  enough,  the  entire  embankment  will 
eventually  become  saturated.  Then  comes  the  danger  of  the  levee 
melting  and  flattening  out  under  its  own  weight.  In  all  siich  cases 
the  banquette,  well  drained,  is  the  salvation  of  the  softened  levee. 
Figuratively  speaking,  a  cubic  yard  in  the  dry  banquette  is  worth 
many  cubic  yards  in  a  heavy  levee  crown. 
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Mr.  Le  Conte.  Assuming  the  saturation  slopes  submitted  by  the  author  to  be  cor- 
rect, the  writer  would  prefer  to  reduce  the  inside  slope  and  use  the 
material  thus  saved  in  re-enforcing  the  banquette,  where,  in  his  opin- 
ion, it  would  serve  a  more  useful  purpose. 

The  best  system  adopted  in  the  delta  lands  of  the  Sacramento  and 
San  Joaquin  rivers  has  a  crest  8  ft.  wide,  a  water  slope  of  3  to  1, 
and  a  land  slope  of  2  to  1,  with  a  drain  at  the  toe.  This  section  pre- 
vails up  to  10  ft.  in  height,  and  assumes  the  material  to  be  good, 
sandy  alluvium,  such  as  commonly  found  in  the  land  bordering  the 
banks  of  all  streams  subject  to  overflow.  Where  the  levees  exceed 
this  height  the  material  available  becomes  more  peaty  in  its  nature, 
and  a  banquette,  20  ft.  wide,  becomes  necessary  at  the  inside  toe,  and 
a  ditch  or  drain  near  the  land  side  of  the  banquette.  In  very  porous 
material  the  writer  prefers  to  continue  the  drain  straight  through  and 
under  the  banquette  as  indicated  in  Fig.  10.  The  banquette  and  levee 
are  both  much  more  eflfectively  drained  thereby,  and  their  stability 
largely  improved  by  reason  of  the  general  depression  of  the  satura- 
tion line.  Of  course,  this  drain  has  to  be  built  with  care,  but  when 
properly  done  it  is  well  worth  all  the  money  that  may  be  spent  on  it. 
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Fig.  10. 

The  author's  remarks  on  bad  foundations  call  to  mind  a  very  in- 
structive case  in  which  the  writer  was  interested.  A  large  island 
situated  in  the  delta  of  a  tidal  river  was  under  successful  reclamation 
with  levees  of  moderate  height,  some  4  to  5  ft.  only.  No  attempt 
was  made  to  exclude  excessive  floods,  the  owners  being  perfectly 
content  with  returns  from  good  crops  obtained  during  seasons  of 
moderate  freshets.  An  extremely  fortunate  season  came  to  pass,  in 
which  they  earned  the  handsome  sum  of  $80  000  on  a  good  market. 
They  concluded  to  build  massive  levees,  with  the  view  of  excluding 
all  floods.  Advice  to  the  contrary  was  of  no  avail.  The  massive  levees 
were  built  according  to  the  best  designs  then  in  vogue.  The  follow- 
ing year  proved  to  be  one  of  extreme  high  water  and  the  stand  was 
unusually  prolonged.  During  a  very  high  tide,  at  midnight,  the 
levee-watch  reported  a  roaring  sound  as  though  the  levee  had  given 
way.  It  was  soon  discovered  that  the  noise  came  from  the  middle  of 
the  island,  the  waters  boiling  up  through  a  lai'ge  fissure  in  the 
ground,  following  the  longituinal  axis  of  the  island.  A  branch  of 
this  fissure  gradually  extended,  following  a  serpentine  line  and,  in 
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the  course  of  one  hour,  i^assed  through  the  line  of  levee  and  into  the  Mr.  Le  Conte. 
main  channel  of  the  river.     The  island  was  soon  inundated. 

After  the  flood  season  had  i^assed  and  the  waters  subsided,  an  ex- 
amination of  the  fissure  was  made  and  many  costly  attempts  under- 
taken to  close  it  with  sheet  piling,  re-enforced  with  hundreds  of  sand- 
bags on  either  side,  but  to  no  purpose.  The  following  high  water  in- 
variably blew  them  out.  A  careful  study  of  the  case  showed  con- 
clusively that  in  develoising  the  fissure  the  water  had  followed  the 
lines  of  an  old  subterranean  channel  (and  there  were  several  of  them) 
which  formed  part  of  the  topographic  features  of  a  lower  terrace  plain. 
The  island  has  remained  practically  uncultivated  for  twenty  years. 
This  case  illustrates  how  easy  it  is  to  utterly  ruin  a  successful  scheme 
of  reclamation. 

H.  St.  L.  Coppke,  M.  Am.  Soc.  C.  E. — There  seems  to  be  consider-  Mr.  Copp6e. 
able  misconceijtion  as  to  the  true  functions  of  a  levee,  and  also  confu- 
sion of  levees  with  canal  banks  or  permanent  dams  generally.  This 
misunderstanding  is  advanced  and  is  explained  in  the  discussion  of 
this  paper.  The  great  and  fundamental  difference  is  the  length  of  time 
the  levee  is  subjected  to  the  pressure  of  the  water. 

Under  continued  and  constant  pressure,  as  in  the  case  of  canal  em- 
bankments, many  of  the  levees  on  the  Mississippi  would  not  remain 
intact  six  months.  There  are  others  through  which  a  constant  seep- 
age would  take  j^lace  and  the  levee  still  remain  intact.  A  few,  built  of 
the  best  material  and  in  the  best  manner,  would  show  no  seep  water, 
being  as  strong  and  safe  as  any  earthen  dam  could  be. 

In  the  third  Mississippi  Kiver  district  the  great  strain  on  the  levees 
rarely  lasts  over  60  days,  during  the  flood  periods,  and  these  may  not 
occur  once  in  three  years.  These  facts,  combined  with  the  paramount 
necessity  for  economy,  explain  the  specifications  and  the  weakness  of 
section,  and  show  how  unnecessary  it  is  to  have  a  bank  as  strong  as 
one  that  is  constantly  subjected  to  the  pressure  of  water.  Most  of 
the  Mississippi  levees  seep,  to  a  greater  or  less  extent,  during  high 
water,  but  where  the  foundation  is  sound  and  the  section  and  con- 
struction standard,  this  seepage  is  without  detriment  to  their  sta- 
bility. 

Seepage  is  nearly  always  most  active  in  the  foundation.  Fre- 
quently large  streams  of  water  break  up  and  discharge  through  the 
soil  far  behind  the  levee  or  near  its  base.  Where  driven  wells  exist 
they  generally  flow  freely  to  some  height  above  the  surface  of  the 
ground. 

The  issuing  of  roily  water  from  extensive  seep-holes  is  a  very  im- 
portant sign.  Seep-holes  as  large  as  a  man's  leg  often  discharge  large 
quantities  of  water  during  an  entire  flood  without  detriment  to  the 
levee,  but  in  such  cases  the  water  is  always  clear.  Should  turbid 
Tvater  appear,  however,  a  break  is  very  liable  to  occur  unless  prompt 
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Mr.  Copp6e,  means  are  adopted  for  cutting  oft"  the  pressure  and  discharge.  A  very 
high  water,  but  of  short  duration,  has  just  passed  down  the  Missis- 
sippi River.  This  water  came  principally  from  the  upper  Ohio  and 
its  tributaries  (not  the  Cumberland  or  Tennessee),  the  Wabash  and  Illi- 
nois, and  was  augmented  in  the  third  district  by  a  freshet  from  the 
Ai-kansas  and  White.  The  stage  reached  at  some  points  was  equal  to 
that  of  last  year,  which  was  one  of  the  great  floods.  When  the  water 
reached  its  highest  stage  the  author  insjjected  the  levee  from  Green- 
ville to  Vicksburg,  about  100  miles  in  length.  The  water  on  an  aver- 
age stood  within  i  ft.  of  the  top  of  the  levee,  being  at  the  toj)  in  many 
places.  The  height  of  the  line  averages  12  ft. ,  and  in  some  localities 
is  over  20  ft.  Where  the  standard  levee  existed,  it  was  astonishing 
how  nearly  uniform  the  saturation  and  other  conditions  were  in  spite 
of  the  difference  in  the  materials  of  construction.  Mile  after  mile  of 
the  levee,  composed  of  various  materials,  was  passed  over  and  showed 
no  defect  in  section,  with  the  water  nearly  at  the  top  of  the  crown,  and 
only  slight  indications  of  moisture  on  the  land  slojje,  but  with  consider- 
able showing  of  seepage  in  the  foundation  soil,  as  evidenced  by  streams 
of  clear  water  from  1  to  6  ins.  in  diameter,  running  with  considerable 
velocity. 

Mr.  Marshall  very  truly  states  that  the  present  worth  of  the  land 
should  be  a  more  important  factor  in  the  general  establishment  and 
extension  of  the  levee  system  as  a  whole.  The  rapid  closure  or  pro- 
tection of  many  thousands  of  acres  of  comparatively  worthless  land 
by  levees,  in  the  last  two  or  three  years,  has  produced  a  very  pro- 
nounced and  elevating  effect  on  the  flood  level  in  the  long-established 
levee  districts.  Large  reservoirs  have  been  closed,  not  by  degrees,, 
but  immediately,  giving  the  river  no  possible  chance  to  accommodate 
itself  to  the  change,  except  by  an  extensive  rise  in  the  flood  plane, 
which  in  1897  was  decidedly  disastrous  to  the  levees  protecting  one 
of  the  richest  and  most  highly  developed  agricultural  countries  in  the 
world,  with  all  the  growing  crops,  mills  and  manufacturing  plants, 
towns  and  cities,  quite  a  net-work  of  railroads,  and  rivers  navigable 
during  a  large  portion  of  the  year. 

It  is  conceded  by  most  engineers  that  there  is  internal  water  press- 
ure even  in  masonry  dams,  and  by  some  it  is  taken  into  account  in 
designing  such  structures.  With  homogeneous  material  in  the  em- 
bankment and  foimdation,  and  a  constant  hydrostatic  pressure,  the 
trace  of  the  saturated  material  should  be  a  parabola,  as  Mr.  Marshall 
states;  but  even  in  the  stone  dam,  as  demonstrated  by  Broenneman 
and  Ross,  in  their  valuable  paper,*  the  medium  is  not  sufficiently 
uniform  to  produce  the  true  curve.  In  the  heterogeneous  medium  of 
the  body  of  a  levee  the  parabola  is  not  to  be  recognized  except  in  rare 

*  "  Internal  Hydrostatic  Pressure  in  Masonry,  with  Especial  Reference  to  Masonry 
Dams.  ■ 
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instances,  judging  from  the  borings  made  in  the  body  of  the  levee  Mr.  Copp6€ 
during  the  flood  of  the  present  season.  Hence,  the  design  of  the  levee 
"with  reference  to  a  supposed  iiarabolic  line  of  saturation  would  be 
illogical  as  well  as  imi)racticable  from  an  economic  standpoint.  The 
nearest  approach  to  a  theoretically  correct  section  would  be  governed 
by  the  mean  trace  of  the  plane  of  saturation  for  the  material  of  which 
the  levee  was  constructed,  as  determined  by  a  sufficient  number  of 
experiments  in  levees  of  that  material  under  the  required  head  and 
duration  of  flood.  By  a  great  number  of  these  experiments  it  is  pos- 
sible that  a  standard  can  be  established  for  each  particular  material 
and  from  these  specific  standards  a  general  standard  determined  that 
will  be  safe  and  effective  under  all  normal  conditions  of  material  and 
foundation. 

The  author's  experience  is  the  same  as  that  of  Mr.  Le  Coute,  viz. : 
That  in  all  levees,  through  which  seep-water  passes,  the  line  of  satixra- 
tion  becomes  flatter  as  the  flood  is  ju-olonged.  On  the  levees  of  the 
Sacramento  and  San  Joaquin  Rivers,  Mr.  Le  Conte  uses  a  land-side 
slope  of  2  to  1,  lip  to  a  height  of  10  ft,  with  a  drain  at  the  toe,  and  for 
greater  heights  a  banquette.  The  exjierience  on  the  Mississipjji  River 
has  been  that  slopes  of  less  than  3  to  1  are  liable  to  sloiigh  after 
becoming  saturated,  producing  a  dangei'ously  contracted  section.  It 
may  be  that  the  use  of  the  drain  would  prevent  this.  The  author  is 
of  the  opinion  that  drainage  is  sadly  neglected  in  connection  with  the 
levees  of  the  Mississippi.  In  the  fourth  district  terra-cotta  pipe  drains 
were  used  at  the  foot  or  toe  of  the  back  slope  of  the  levee,  as  shown 
in  Fig.  2,  and  good  results  were  obtained.  In  many  instances,  during 
the  time  of  maximum  head  and  jsressure,  surface  drainage  has  proved 
very  beneficial  in  draining  the  surface  of  the  back  slope  and  banquette, 
and  the  author  is  convinced  that  a  carefully  designed  system  of  drainage 
would  help  materially  to  lower  the  line  of  saturation  and  add  to  the 
stability  of  the  levee.  Mr.  Le  Conte's  drains  under  the  body  of  the 
banquette  are  undoubtedly  of  great  advantage  in  reducing  the  satura- 
tion where  its  worst  efi"ects  are  felt. 

Mr.  Douglas  gives,  as  the  jirincipal  reason  for  not  adopting  a 
standard  section,  the  difference  in  duration  of  high  water  in  differ- 
ent portions  of  the  alluvial  river.  Though  the  duration  of  jsressure 
is  a  very  important  factor  in  comparing  levees  with  canal  banks  and 
impervious  dams,  the  variation  from  Memphis  to  New  Orleans  is  not 
sufficiently  great  to  warrant  a  change  in  the  standard.  While  the 
duration  at  the  lower  end  of  the  line  is  greater,  the  material  is  stronger 
and  the  levees  considerably  loAver. 

In  regard  to  the  increase  in  pressure  with  the  depth  and  duration, 
and  the  comparatively  slight  increase  in  width,  the  author  can  but 
reiterate  what  has  been  already  stated,  viz.,  the  line  of  saturation,  if 
determined,  will  indicate  the  best  means  of  distributing  the  counter- 
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Mr.  Coppee.  acting  weight,  and,  no  matter  how  much  this  pressure  increases  with 
the  depth,  if  a  certain  section,  partially  saturated,  has  sufficient 
weight  and  integrity  to  withstand  this  pressure  to  the  best  advantage, 
the  desired  result  is  attained. 

It  is  well  known  that  much  of  the  levee  above  the  line  A  B,  Fig.  7, 
including  the  crown,  is  used  simjily  as  a  jiathway  and  for  convenience 
for  high-water  operations. 

In  comparing  the  pressure  and  section  of  the  levee  a  more  appro- 
priate method  than  that  used  by  Mr.  Douglas  would  be  to  eliminate 
the  crown  and  use  only  a  3  to  1  slope  behind,  as  shown  in  Fig.  11. 

Here  the  thickness  increases  directly  with  the  pressure,  and  the 
area  and  cube  of  counteracting  material  varies  with  three  times  the 
square  of  the  height,  while  the  pressure  changes  but  directly  with  the 
height.  In  fact,  the  hydrostatic  pressure,  except  in  materials  prac- 
tically impermeable,  cannot  be  used  alone  as  a  basis  for  the  design  of 
the  levee  section. 

The  tendency  to  softening  and  sloughing  at  the  toe  of  the  land-side 
slope  necessitates  the  banquette,  which  places  a  heavy  weight  at  the 
most  necessary  point,  without  regard  to  the  theoretical  effect  of  hy- 
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drostatic  pressure  in  impermeable  structures.  The  case  cited  by  Mr. 
Gordon  is  in  line  with  the  statement  of  the  author,  that  in  exceptional 
instances  great  deviations  from  the  standard  are  necessary.  This  often 
occurs  in  reaches  exposed  to  the  wind,  where  it  is  impossible  to  induce 
rapid  growths,  and  where  the  material  is  light  and  easily  washed. 

The  author  is  not  surprised  that  Mr.  Fortier  is  unable  to  account 
for  the  allowance  of  IO^q  for  shrinkage  in  an  embankment  designed  to 
withstand  water.  If  the  layers  of  which  the  levee  is  constructed 
could  be  reduced  in  thickness  and  water  added  as  suggested,  this 
allowance  would  be  unnecessary,  but  where  the  embankment  is  put 
up  with  scrapers  in  2-ft.  layers  of  practically  unselected  material,  the 
percentage  is  not  too  great.  Economy  is  so  necessary,  and  the  work 
so  extensive,  that  the  specifications  have  to  be  written  in  accordance 
therewith,  and  in  great  measure  leaning  to  the  side  of  economy  rather 
than  to  the  best  methods  of  construction. 

In  giving  buck-shot  and  gravel  as  a  composition  for  levee  building, 
the  author  did  not  intend  to  create  the  impression  that  it  could  be 
generally  used.  In  the  neighborhood  of  towns  and  manufacturing 
establishments,  where  it  might  be  necessary  to  have  openings  in  the 
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levee  aad  an  embaukment  of  iiuusual  strength,  it  could  be  used,  the  Mr.  Coppee. 
gravel  being  obtained  from  bars  of  that  material,  many  of  which  exist 
in  the  river.  Absolutely  pure  sand  is  not  found,  but  many  long 
reaches  of  levoe  have  been  constructed  of  comi)aratively  i)ure  sharp 
sand  that  allows  percolation,  without  deformation  of  section,  when 
well  sodded. 

During  the  flood  that  has  just  passed,  borings  were  made  in  the 
levee  at  a  number  of  points,  under  the  direction  of  the  author,  for  the 
l)uriJose  of  determining,  if  possible,  the  line  of  saturation.  This  in- 
formation was  obtained  for  the  Government,  but  through  the  kind- 
ness of  Captain  H.  C.  Newcomer,  the  officer  in  charge  of  the  third 
district,  it  is  made  available  for  the  discussion  of  this  paper. 

Fig.  12  shows  the  results  of  these  borings  as  plotted  from  the  notes 
obtained,  and  though  they  show  clearly  the  trace  of  the  plane  of  satu- 
ration, they  are  not  sufficiently  numerous  to  prove  any  rule  or  law 
except  for  the  short  time  of  observation,  and  in  levees  of  the  kind 
experimented  upon. 

The  borings  were  made  in  front  levees  in  localities  where  two  lines 
existed,  the  back  levee  having  been  built  with  the  expectation  that 
the  one  in  front  would  cave  into  the  river.  The  holes  were  made  ver- 
tically in  the  levee,  at  the  intervals  shown  on  the  sections,  with  a2-in. 
auger,  having  a  very  long  shaft.  The  auger  was  sunk  a  very  few 
inches  at  a  time,  the  material  being  examined  for  consistency  and 
composition.  One  set  of  observations  was  made  in  an  old  levee 
built  i)rior  to  1860,  the  other  in  a  well-constructed  line  put  up  in 
1895  (with  banquette).  Borings  were  also  made  in  a  new  (1898) 
biickshot  levee  partly  shown  in  the  j^hotograph.  Fig.  1,  Plate  XI, 
but  it  was  practically  impervioiis,  and  no  saturated  material  could 
be  found. 

The  flood  was  propagated  so  rapidly,  and  gave  such  a  short  time  for 
the  observation  of  high-water  conditions,  that  the  flattening  efi"ect  on 
the  line  of  saturation  is  not  as  marked  as  it  probably  would  have  been 
with  a  continuation  of  the  highest  stage.  By  plotting  a  number  of 
observations  taken  at  the  same  elevation  of  the  water,  and  drawing  a 
mean  curve,  the  latter  is  found  to  be  a  parabola,  as  shown  in  Fig.  13, 
but  each  individual  section  is  far  from  it. 

In  the  new  levee,  Sta.  3  090  to  3  112  -(-  16,  composed  of  a  mixture 
of  buckshot  and  loam,  the  section  is  shown  to  be  strong  enough  for 
floods  of  short  duration;  but  in  the  old  levee,  Sta.  310  to  336,  the 
saturation  is  more  complete. 

It  is  supi^osed  by  some  levee  engineers  that  as  a  levee  gets  older 
it  becomes  more  porous,  owing  to  the  boring  of  earth  insects  and  the 
effects  of  drying,  etc.  In  other  words,  as  it  is  sometimes  expressed, 
it  gets  rotten.  The  author  believes  this  to  be  incorrect,  if  the  levee 
has  been  well  constructed. 


Mr.  Copp6e. 
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LOWER  YAZOO  DISTRICT  BELOW  GREENVILLE,  MISS. 

LEVEE  SECTIONS  SHOWING  LINE  OF  SATURATION  DURING  FLOOD  OF  1898 

STATIONS  310  TO  336  =  OLD  LEVEE  CONSTRUCTED  PRIOR  TO   1860 

STATIONS  3090  TO  3  1  1  2+1  5  =  NEW  LEVEE  CONSTRUCTED  IN   1  895-96 
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Fig.  12  (continued). 
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Mr.  Coppee.  As  before  stated,  it  is  a  pretty  well-established  fact  that  in  nearly 
all  soils  in  the  Mississippi  bottom  the  ground  in  the  neighborhood  of 
the  levee  becomes  saturated  after  a  certain  duration  of  high  water. 
,  In  a  well-constructed  levee,  2  ft.  in  height,  the  line  of  saturation 
will  appear  on  the  land  side  at  the  toe  of  the  slope,  2  ft.  below  the 
crown.  With  a  5-ft.  levee  the  line  of  saturation  again  intersects  the 
back  slope  near  the  toe,  instead  of  2  ft.  below  the  crown,  as  in  the  first 
instance.  This  is  partly  shown  in  Fig.  12,  and  is  due  to  the  fact  that 
gravity  and  the  drainage  through  the  levee  causes  that  line  to  fall  and 
seek  a  lower  level.  In  the  case  of  a  well-drained  levee,  15  or  20  ft.  in 
height,  the  line  of  saturation  has  a  much  greater  inclination  than  in 
the  small  one.     This  inclination,  from  the  water  level  in  the  river  to 
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Fig.  13. 


the  intersection  of  the  land  slope,  is,  for  the  small  levee,  about  8  to  1, 
while  in  the  large  levee  it  is  about  5  to  1,  but  is  nearly  always  in  the 
shajje  of  a  curve,  dropping  sharjjly  at  first,  but  diminishing  in  incli- 
nation as  the  ground  level  is  approached. 

The  sections  are  not  numerous  enough  to  be  of  much  value  in 
designing  a  standard,  but  they  serve  to  show  the  conditions  that  exist 
in  the  particular  levees  experimented  upon  during  a  short  period  of 
high  water. 

It  is  only  by  continued  observations  in  subsequent  floods  that  suffi- 
cient data  will  be  obtained  on  which  to  base  a  complete  study  of  a 
standard  levee  section. 
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WITH  DISCUSSION. 

When  stress  is  applied  to  a  solid  body,  the  material  is  distorted  and 
a  certain  amount  of  work  or  energy  is  absorbed.  The  work  thus  ab- 
sorbed in  the  deformation  of  the  material  is  called  resilience.  If  the 
stress  changes  from  zero  up  to  the  elastic  limit  of  the  material,  the  energy 
absorbed  during  the  change  is  the  "  elastic  resilience  "  of  the  material. 
If  the  stress  changes  from  zero  up  to  the  ultimate  strength  of  the 
body,  the  energy  absorbed  is  the  "ultimate  resilience"  of  the  body.* 

In  the  study  of  this  siibject  it  must  be  borne  in  mind  that  resilience 
is  work,  and  hence  depends  upon  two  essential  factors,  force  and  dis- 
tance acted  through.  The  latter  is  fully  as  important  as  the  former. 
The  word  toughness,  as  used  by  engineers,  is  synonymous  with  resil- 
ience. In  fact,  the  latter  may  be  defined  by  saying  that  resilience  is 
toughness  reduced  to  measurement. 

*  This  use  of  the  word  resilience  will  be  objected  to  by  some  as  not  being  in  con- 
formity with  the  original  meaning  of  the  word.  It  is  sanctioned,  however,  by  some 
authorities  (see  Thurston's  "Materials  of  Engineering"),  and,  for  want  of  a  good  substi- 
tute, may  be  considered  as  a  technical  term. 
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Having  defined  resilience,  it  is  next  found  that,  as  it  depends  uiion 
change  of  stress,  different  results  may  be  looked  for  when  the  stress  is 
applied  suddenly,  from  those  obtained  when  it  is  applied  slowly.  The 
resilience  under  impact  may  not  be  the  same  as  the  resilience  under 
gradual  load.  In  this  connection  impact  should  not  be  confused  with 
sudden  load.  The  effect  on  resilience  of  rapidity  of  change  in  stress 
can  only  be  determined  by  actual  experiment.  This  is  especially  true 
in  the  case  of  material  not  perfectly  elastic,  or  where  the  stress  has 
passed  the  elastic  limit  of  the  material. 

Again,  the  resilience  of  solids  may  be  studied  under  the  four  prin- 
cipal kinds  of  stress,  viz.,  tension,  compression,  torsion  and  bending. 
The  relative  resilience  under  these  different  forms  of  stress  can  only  be 
determined  by  experiment.  A  knowledge  of  the  resilience  of  materials 
of  construction  is  of  the  greatest  importance  to  the  engineer.  It  is  the 
great  resilience  of  the  battle  ship's  steel  armor  that  enables  it  to  with- 
stand the  impact  of  heavy  projectiles  without  destruction.  It  is  the 
low  resilience  of  cast  iron  that  makes  it  so  inferior  for  railway  bridges. 
It  is  on  account  of  the  high  resilience  of  wood  that  it  cannot,  in  many 
cases,  be  supplanted  by  masonry,  glass  or  other  decay-proof  material. 
A  concrete  railroad  tie  cannot  take  the  place  of  the  oak  tie  because  it 
lacks  resilience. 

Admitting  the  importance  of  a  knowledge  of  resilience,  a  brief  con- 
sideration of  the  difficulties  to  be  overcome  in  obtaining  such  knowl- 
edge is  naturally  next  in  order.  It  is  at  once  found  that  they  are 
of  considerable  proportions.  To  find  the  strength  of  a  beam  under 
given  conditions  it  is  only  necessary  to  find  its  weakest  section  and 
study  that.  To  find  the  resilience  of  the  beam  all  sections  must  be 
taken  into  account.  If  the  beam  is  irregular  in  form,  the  problem 
becomes  quite  a  difficult  one.  If  the  final  stress  exceeds  the  elastic 
strength  of  the  material,  the  difficulties  are  increased. 

The  actual  measurement  of  the  resilience  of  a  beam  has  been  found 
quite  difficult.  The  load  must  be  increased  gradually  and  the 
deflection  measured  and  recorded  with  its  corresponding  load.  As 
the  breaking  point  is  neared  the  difficulties  of  accurate  work  become 
important,  especially  in  the  more  ductile  materials.  If  the  deter- 
mination of  the  resilience  by  impact  or  drop  test  is  attempted, 
other  complications  arise.  The  mass  or  weight  of  the  beam  itself 
now  becomes  a  factor  in  the  test.     The  work  absorbed  bv  the  anvil 
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and  hammer  and  that  taken  up  in  abrasion,  etc.,  are  difficult  to 
estimate. 

To  one  who  has  a  proper  understanding  of  these  difficulties  in 
measuring  resilience,  it  is  not  surprising  that  the  subject  is  somewhat 
neglected  in  the  studies  of  practical  men.  At  present  it  may  be  said 
that  the  knowledge  of  comparative  resilience  of  materials  is  "appre- 
ciable, but  not  describable. "  It  is  known  that  a  cubic  inch  of  oak  has 
more  resilience  than  a  cubic  inch  of  white  pine,  but  the  value  of  either 
cannot  be  expressed  in  inch-jjounds  or  foot-pounds.  What  is  known 
about  resilience,  and  the  modern  methods  of  determining  its  value, 
will  be  briefly  considered. 

An  interesting  series  of  experiments  on  the  resilience  of  beams 
under  impact  was  made  by  Mr.  Hodgkinson.  The  following  quota- 
tions from  a  book  well  known  to  engineers*  will  show  the  more  im- 
portant results  of  these  experiments : 

"  The  power  of  a  beam  to  resist  impact  is  the  same  at  whatever  part 
of  the  length  it  is  struck;  *  *  *  this  remarkable  result  has  been 
confirmed  by  experiment." 

"  In  rectangular  beams  of  unequal  dimensions  the  resistance!  is  the 
same,  whether  the  bar  is  struck  on  the  narrow  or  broad  dimension." 

"  With  rectangular  beams  the  resistance  to  impact  R  is  simply  pro- 
portional to  the  weight  of  the  beam  between  supports,  irrespective  of 
the  i^articular  dimensions." 

The  above  laws  exclude  the  effect  of  inertia. 

"Mr.  Hodgkinson  has  shown  by  his  experiments  that  in  resisting 
impact,  the  power  of  a  heavy  beam  is  to  that  of  a  light  one  as  the  in- 
ertia of  the  beam,  plus  the  falling  weight,  is  to  the  falling  weight  alone, 
/-f  TF" 

" /is  the  inertia  of  the  beam  and  the  load  upon  it." 
"  The  inertia  of  a  beam,  uniform  in  cross-section  from  end  to  end, 
supported  at  the  ends  and  struck  in  the  center,  may  be  taken  at  half 
the  weight  between  supjiorts.     *     *     *     To  this  has  to  be  added  the 
whole  central  load,  if  any." 

In  the  second  column  of  Table  No.  20  will  be  found  some  values  for 
the  resilience  of  certain  materials,  which  were  obtained  from  the  book 
above    referred    to.  J    In    modern    practice,    the    testing    of    mate- 

*  "Strength  of  Materials  "  by  Thos.  Box. 

t  Resilience? 

t  Interesting  matter  on  the  subject  of  impact,  resilience,  etc.,  will  be  found  in  Engi- 
neering Ne  us,  August  2d,  18iM.  See  also  "A  Photographic  Impact  Testing  Machine" 
with  discussion,  Joxunal  of  the  Fi-anklin  Institute,  November,  1897.  and  January,  1898. 
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rials  by  impact  is  by  no  means  uncommon.  Such  tests,  however,  are 
generally  made  on  the  finished  shape,  as  in  the  case  of  railway  axles. 
In  a  code  for  testing  materials,  recommended  by  a  committee  to  the 
American  Society  of  Mechanical  Engineers,*  it  was  prescribed  that 
drop  tests  should  be  made  with  a  steel  ball,  weighing  1  000  to  2  000 
lbs. ,  having  a  clear  fall  of  20  ft.  The  anvil,  block,  frame,  etc. ,  should 
weigh  not  less  than  ten  times  as  much  as  the  ball.  Drop  tests  were 
recommended  for  rails,  tires  and  axles.  Again,  the  Master  Car 
Builders'  Committee,!  have  recommended  drop  tests  for  railway 
axles.  These  tests  were  to  be  made  with  a  tup,  weighing  1  640  lbs. 
The  anvil  should  weigh  17  500  lbs.,  and  should  rest  on  springs.  The 
axle  should  rest  on  supports  3  ft.  apart.  Cast-steel  drawbars  are  now 
regularly  furnished  by  contract,  under  specifications  which  call  for 
drop  tests  of  sample  drawbars,  specifying  weight  of  tup,  height  of 
drop  and  number  of  blows.  Drop  tests  of  steel  rails  have  been  in 
practical  use  for  many  years. 

Besides  the  above  tests  of  finished  shapes,  the  following  methods, 
which  are  used  in  commercial  practice,  may  be  noted.  These  tests, 
while  they  do  not  measure  the  resilience  so  directly,  are,  nevertheless, 
intended  to  prove  the  toughness  of  the  material. 

In  testing  cast-iron  water  pipe  by  hydraulic  pressure,  it  is  custom- 
ary to  strike  the  pipe  smartly  with  a  hand  hammer  while  the  pressure 
is  on.  In  inspecting  steel  where  a  sample  bar  is  nicked  and  then  bent 
with  the  hammer,  the  behavior  of  the  bar  indicates  the  degree  of 
toughness  which  the  material  will  have  under  impact.  A  high  per- 
centage of  phosphorus  in  steel  is  believed  to  reduce  its  ability  to  with- 
stand shocks,  while  its  strength  and  percentage  of  elongation  remain 
unchanged.  J  So  that  it  may  be  said  that  the  specified  chemical  deter- 
minations of  phosphorus  in  structural  steel,  which  are  now  in  use,  are 
really  indirect  tests  of  resilience  under  impact. 

Users  of  structural  steel  will  readily  see  the  necessity  which  now 
exists  for  a  definite  physical  test  for  the  ultimate  resilience  of  steel 
under  impact.  It  was  this  special  necessity  which  led  the  author  into 
the  study  of  the  subject,  and  suggested  the  experiments  described  in 
this  paper. 

*  See  Engineering  Netvs,  March  7th,  1891. 

+  See  Railroad  Gazette,  June  26th,  1896. 

t  See  Johnson's  "  Materials  of  Construction,'  pages  166  and  167. 
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If,  instead  of  limiting  the  percentage  of  phosphorus  in  the  steel,  a 
certain  ultimate  resilience  per  cubic  inch  of  the  metal,  when  tested  by 
impact,  could  be  called  for,  a  steji  would  be  made  in  advance.  If  a 
definite  resilience  under  impact  coiald  be  specified,  just  as  a  definite 
strength  and  ductility  are  now  called  for,  the  projier  inspection  of 
steel  would  be  much  more  simple  and  satisfactory. 

The  diflBculties  of  making  impact  tests  have  already  been  sug- 
gested. Some  machines  which  have  been  used  for  making  such  tests 
are  of  a  type  greatly  open  to  criticism.  For  example:  In  some 
machines  the  supporting  parts  are  either  so  light  or  so  yielding  that 
an  important  part  of  the  energy  of  the  blow  is  absorbed  by  them,  and 
the  test  piece  appears  to  sustain  a  much  heavier  blow  than  it  would 
in  fact  on  the  proper  rigid  supports. 

Two  general  forms  of  testing  machine  have  been  used  in  recorded 
tests.  In  Mr.  Hodgkinson's  experiments  the  hammer  used  was  in 
the  form  of  a  pendulum  striking  with  a  horizontal  blow.  The 
weight  of  the  hammer  was  concentrated  in  the  head  or  ball,  and 
the  effect  of  the  rod  or  radius  arm  was  probably  neglected.  The 
most  common  form  of  impact  testing  machine  is  doubtless  the 
heavy  weight  falling  vertically,  somewhat  after  the  fashion  of 
the  common  jiile-driver.  In  none  of  these  machines  is  there  any 
means  for  measuring  how  much  energy  is  left  in  the  hammer  after 
breaking  the  piece. 

The  Impact  Testing  Machine. 

The  machine  used  in  making  the  experiments  given  herewith  was 
devised  by  the  author  and  has  some  special  features. 

In  designing  it  the  main  idea  was  to  make  a  machine  which  would 
measure  the  energy  actually  absorbed  in  breaking  the  test  bar.  This 
was  to  be  done  by  using  a  hammer  in  the  form  of  a  pendulum,  and  so 
arranged  that  it  would  strike  a  horizontal  blow,  breaking  clear  through 
the  bar  and  swinging  freely  wp  to  the  height  due  to  the  velocity  after 
the  impact.  The  difference  between  the  height  through  Avhich  the 
hammer  fell  before  striking,  and  the  height  to  which  it  rose  after 
striking,  would  measure  the  energy  ^absorbed  in  breaking  the  bar.  The 
test  piece  would  rest  against  two  vertical  knife-edges  and  be  struck  in 
the  middle  by  the  falling  jDendulum,  thus  giving  the  ultimate  resi- 
lience of  the  bar  under  transverse  stress. 


242  RUSSELL   ON    IMPACT   TESTING    EXPERIMENTS. 

In  developing  this  idea  it  was  found  best  to  make  the  pendulum  or 
hammer  of  the  very  simplest  form,  so  that  the  center  of  percussion 
and  center  of  gravity  could  be  definitely  computed.*  The  hammer 
adopted  was  a  rectangular  steel  bar  jiierced  by  a  shaft  at  the  upper 
end  and  provided  with  a  suitable  striking  edge  near  the  lower  end. 

Figs.  1,  2  and  3  show  the  form  and  dimensions  of  the  machine 
used  in  the  experiments.  Plate  XII  is  from  a  photograph  which 
shows  somewhat  imperfectly  the  general  ajij^earance  of  the  apparatus. 
The  hammer  used  weighed  103  lbs.  The  fixed  knife-edges  were  de- 
signed so  as  to  allow  the  broken  bar  to  swing  out  of  the  way  of  the 
moving  hammer,  and  were  secured  in  a  manner  which  allowed  them  to 
be  adjusted  for  spans  of  8,  12,  16,  20  and  24  ins.  The  heavy  anvil 
plates  behind  them  were  bolted  to  a  large  anvil  block  of  concrete 
which  was  sunk  in  the  earth.  Adjustable  supports  were  provided  to 
hold  the  test  bar  in  position  with  the  axis  of  the  bar  opposite  the 
center  of  percussion.  The  pivot  blocks  which  sujiport  the  ham- 
mer shaft  are  adjustable  to  allow  for  test  bars  of  different  depths. 
Attached  to  the  hammer  shaft  is  a  registering  device  on  which  the 
swing  of  the  hammer  is  read.  The  pivot  blocks,  etc.,  are  supported 
by  a  strong  wooden  frame.  Attachments  are  provided  for  raising  and 
releasing  the  hammer.  The  plans  for  this  machine  were  made  in 
May,  1896.  In  making  the  design,  the  author  was  assisted  by  Mr. 
William  F.  Schaefer  and  Mr.  Vernon  Baker. 

Figs.  4,  5  and  6  show  the  plans  and  Fig.  12  the  details  of  a  later 
design  which  it  is  thought  embodies  some  improvements  in  detail, 
although  the  essential  features  are  the  same.  In  this  design  the  frame 
will  be  of  iron  and  the  operator  will  have  more  room  in  which  to  work 
while  setting  the  test  bars  in  place. 

In  using  the  testing  machine  the  first  point  that  comes  up  is  the 
loss  due  to  friction  of  the  hammer  in  its  bearings.  In  practice  it  was 
found  best  to  determine  the  friction  anew  for  each  set  of  experiments. 
If  the  bar  was  to  be  given  a  bloAV  of  6  ins.,  the  friction  loss  was  deter- 
mined for  a  fall  of  6  ins.  If  the  hammer  rose  2  ins.  after  breaking  the 
bar,  the  friction  loss  for  a  fall  of  2  ins.  was  determined  by  trial.  The 
average  of  the  two  values  Avas  called  the  correction  for  friction. 

To  test  the  rigidity  of  the  knife-edges  and  their  supports,  a  nickel 

6-cent  piece  was  placed  on  edge  on  the  top  end  of  one  of  the  knife- 

*The  formula  for  finding  the  center  of  percussion  will  be  found  in  Rankine's  Applied 
Mechanics,  Art.  581. 
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edges.  A  cast-iron  test  bar  2  ins.  by  1  in.  was  then  broken  by  a  single 
blow.  This  experiment  was  repeated  a  number  of  times,  and,  in  the 
majority  of  cases,  the  coin  was  not  overturned  by  the  shock. 

An  effort  was  then  made  to  measure  the  movement  of  the  knife-edge 
under  a  heavy  blow.  The  movement  was  found  to  be  so  small  that  in 
the  case  of  a  cast-iron  test  bar,  the  energy  absorbed  by  the  yielding  of 
the  knife-edges  would  be  qiiite  inconsiderable.  Every  impact  testing 
machine  should  be  tested  in  this  way,  to  see  if  any  considerable  per- 
centage of  the  energy  is  absorbed  by  the  yielding  of  parts  that  support 
the  test  piece. 

In  this  method  of  testing  materials  some  energy  is  absorbed  in  over- 
coming the  inertia  of  the  bar  itself.  The  proportionate  amount  of  this 
energy  is  probably  dependent  on  the  weight  of  the  test  bar  compared 
with  the  weight  of  the  hammer,  and  also  ujion  the  velocity  of  the 
hammer. 

Owing  to  the  difficulties  of  ascertaining  how  much  energy  is  ab- 
sorbed in  this  way,  it  is  best  to  use  a  test-bar  whose  weight  is  small  in 
comparison  to  that  of  the  hammer.  In  this  way  the  error  due  to  inertia 
of  the  test  piece  can  be  reduced,  if  not  eliminated. 

In  Table  No.  5  will  be  found  the  results  of  tests  made  to  determine 
the  eifect  of  changing  the  initial  fall  of  the  hammer.  The  results  arc 
somewhat  contradictory,  but,  in  a  general  way,  it  may  be  said  that  the 
experiments  indicate  that  a  small  change  in  the  initial  fall  of  the  ham- 
mer will  not  change  the  amount  of  energy  absorbed,  to  any  great 
degree.  This  conclusion  may  be  regarded  as  important,  as  upon  it 
depends  somewhat  the  interpretation  of  all  the  experiments.  Table 
No.  5  will  be  referred  to  again. 

The  machine  having  been  described,  it  only  remains  to  i^resent  the 
experiments  themselves.  Over  700  specimens  have  been  broken,  up  to 
the  present  writing.  These  tests  are  not  all  recorded  here;  only  those 
which  were  thought  to  be  most  instructive  are  given.  In  order  to 
learn  the  possibilities  of  the  testing  machine,  the  study  of  each  mate- 
rial was  continued  only  until  it  was  thought  that  the  principal  difficul- 
ties peculiar  to  such  material  had  been  overcome.  It  is  obvious  that 
the  resilience  values  obtained  for  different  materials  cannot  be  taken 
as  final,  and  should  only  be  used  by  the  designer  in  the  absence  of 
more  acciirate  determinations.  All  the  experiments  were  made  by  the 
author,  with  the  assistance  of  Mr.  William  F.  Schaefer. 
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TABLE  No.  1. — Resilience  by  Impact  and  by  Gradual  Load. 
Cast-iron  bars  1  in.  by  2  ins.,  broken  flatwise. 
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13.03 

9.05 

*  JL  =  24  ins.  with  gradual  load. 

Tests  of  Brittle   Materials. 

The  first  tests  were  made  with  cast  iron.  Table  No.  1  shows  the 
resilience  of  cast-iron  bars  tested  both  by  impact  and  by  gradual  load. 
Each  value  given  is  the  average  of  several  tests.  In  making  the  impact 
tests,  the  following  values  are  obtained  by  observation : 

P  =  the  initial  fall  of  the  hammer  in  inches. 

S  =  the  rise  after  the  blow  in  inches. 

(7|=  the  correction  for  friction. 

L  =  the  distance  between  supports. 

h  =  the  deiath  of  beam. 

h  =  the  width  of  beam. 

All  dimensions  are  in  inches. 

Then,  by  computation,  when  103  is  the  weight  of  the  hammer  in 
pounds,  the  resilience  in  inch-pounds  per  cubic  inch  of  the  material,  or 

103  [F-  (^-f  C,)] 


B, 


Lhb 


Table  No.  19  shows  a  series  of  observations  just  as  they  were  re- 
corded by  the  observer,  and  extended  in  the  office. 

The  resilience  by  gradual  load  was  obtained  by  breaking  the  bar  in 
a  standard  testing  machine  and  accurately  measuring  the  deflections 
up  to  the  point  of  rupture.  The  resilience  was  then  taken  as  half  the 
product  of  the  load  by  the  maximum  deflection.     The  true  resilience, 
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TABLE  No.  2. — Resilience  for  Different  Spans. 
Cast-iron  bars,  1  in.  by  2  ins. ,  broken  flatwise. 
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as  obtained  by  a  strain  diagram,  would  be  slightly  greater  than  this, 
but  the  error  is  not  important  as  the  strain  diagram  for  cast-iron  is 
nearly  straight  to  the  point  of  ruiJture. 

Returning  to  Table  No.  1  and  comparing  the  resilience  by  impact 
and  by  gradual  load,  it  will  be  seen  that  the  former  exceeds  the  latter 
more  than  40  per  cent.  This  difference  is  so  great  that  it  can  hardly 
be  accounted  for  by  losses  due  to  inertia  of  bar,  indentation,  or  move- 
ment in  suijports.  The  bar  is  light  compared  with  the  hammer,  so 
that  not  more  than  7%  could  be  lost  by  inertia  according  to  Mr.  Hodg- 
kinson's  rule.  The  supports  are  so  rigid  that  not  more  than  1%  could 
be  lost  by  their  movement.  The  indentation  is  so  slight  as  to  be  incon- 
siderable when  compared  with  the  deflection  of  the  bar,  hence  there 
can  be  no  great  loss  in  this  way.  The  logical  conclusion  is  that  more 
energy  is  absorbed  in  the  sudden  rupture  of  a  bar  than  is  the  case 
with  rupture  under  a  gradual  increase  of  load. 

It  has  occurred  to  the  author,  that  jserhaps  the  causes  of  this  differ- 
ence may  be  traced  back  to  the  heat  which  is  liberated  under  change  of 
stress.  Under  gradual  increase  of  stress  the  heat  liberated  has  time  to  be 
conducted  away  from  the  distorted  fibers.  In  the  case  of  sudden  rupture, 
the  heat  has  no  time  to  escape  and  must  produce  a  rise  in  temperature. 
If  this  be  admitted,  it  seems  not  impossible  that  the  resilience  may  be 
affected  by  the  rise  in  temperature  of  the  distorted  i^articles.  This 
suggestion  should  be  taken  for  what  it  may  i)rove  to  be  worth. 

Table  No.  2  needs  no  explanation.  Bars  of  the  same  melt,  but  of 
different  spans,  are  compared.     A  bar  of  12-in.  span  has  twice  the 
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TABLE  No.  3. — Resilience  of  Cast-Iron  Bars. 
Cross-section,  1  in.  by  2  ins.     Span,  24  ins.     Melt  No.  2. 


Position. 


Flatwise.. 
Edgewise. 


Average. 


Experiment 

Nos. 


1,37-139 
140-143 


Number  of 
tests. 


Resilience  per  cubic 
inch  in  inch-pounds. 


10.8 
9.1 


9.95 


strength  and  one-quarter  tlie  deflection  of  a  bar  24  ins.  in  span.  With 
the  former,  then,  a  greater  loss  of  energy  by  movement  of  the  knife- 
edges  and  by  indentation  might  be  expected.  Theoretically,  the  error 
from  these  sources  would  be  about  eight  times  as  great  for  the  shorter 
span.  On  the  other  hand,  the  error  from  inertia  should  be  about 
twice  as  great  in  the  longer  span  as  in  the  shorter  one.  It  will  be  seen 
by  the  table  that  the  difference  in  the  resilience  per  cubic  inch  ranges 
in  value  from  nothing  up  to  about  10%,  and  that  the  shorter  span 
shows  the  higher  average  resilience.  It  is  fair  to  conclude  from  these 
experiments,  as  far  as  they  go,  that  the  ultimate  resilience  of  a  bar  of 
cast-iron  is  proportional  to  its  volume  and  is  independent  of  the  span. 

Table  No.  3  shows  that  a  flat  bar  has  about  the  same  resilience 
whether  broken  flatwise  or  edgewise.  All  these  bars  were  cast  from 
the  same  melt.  In  the  case  of  a  bar  2  ins.  wide  and  1  in.  thick,  it 
should  have,  when  broken  edgewise,  twice  the  strength  and  half  the 
maximum  deflection  that  it  would  have  flatwise.  The  error  from 
yielding  supports  and  from  indentation  should  be  about  four  times  as 
great  in  the  former  position.  The  error  from  inertia  of  bar  should  be 
the  same  in  both  cases.  It  would  be  expected  that  the  bars  would 
show  greater  resilience  when  broken  edgewise.  The  observed  resili- 
ence was,  however,  somewhat  greater  in  the  average,  with  the  bars 
broken  flatwise. 

As  in  testing  bars  in  this  manner,  it  is  possible  for  the  experi- 
menter to  raise  the  hammer  considerably  higher  than  is  necessary 
to  break  the  bar,  the  question  naturally  comes  up:  Will  the  height  to 
which  the  hammer  is  raised  afiect  the  results  obtained?  A  number  of 
exjieriments  were  made  to  decide  this  point,  and  the  results  are  re- 
corded in  Table  No.  5.  The  experiments  were  made  in  this  manner: 
Twelve  to  sixteen  l)ars  were  taken  from  the  same  melt  of  cast-iron. 
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TABLE  No.  4. — Resilience  of  Cast-Ikon  Baks. 
Efiect  of  planing.     Melt  No.  4. 


Rough. 
Planed . 


a 

a 

a 

o 

m 

£ 

s 

b 

!«5 

a 

en 

1 

1 

5 

o 

■S4 

O   [B 

C  cfi 

Ox!^ 

Experi 

^ 

^.S 

ll 

s 

3 

1 

02 

Q 

215-226 

12 

24 

1 

2 

13 

253-263 

11 

12 

0.91 

1.93 

5.7 

a.s 


£5a 


11.6 
21.1 


Note.— For  effect  of  span,  see  Table  No.  2.    All  bars  were  rectangular. 

Four  of  these  bars  would  be  broken  with  the  hammer  falling  5  ins., 
which  would  barely  bi'eak  them.  The  resilience  would  be  measured. 
The  next  four  bars  would  be  tested  with  the  hammer  falling  6  ins. ; 
the  next  with  a  fall  of  7  ins.,  etc.  The  results  obtained  will  be  seen 
in  the  last  column  of  the  table.  It  is  evident  that  more  exiieriments 
would  have  to  be  made  to  find  the  true  relation  between  the  height 
through  which  the  hammer  falls  and  the  energy  absoi'bed  in  the 
rupture.  It  is  fair,  however,  to  conclude  in  a  general  way,  as  has 
been  stated,  that  a  slight  increase  in  the  height  will  not  materially 
affect  the  results  obtained.  There  seems  to  be  a  tendency  for  the 
resilience  to  increase  as  the  height  is  increased;  but  this  tendency  is 
all  but  concealed  by  variations  from  other  causes. 

Coming  back  to  the  regular  order:  Table  No.  4  shows  the  effect  of 
planing  on  the  resilience  of  a  cast-iron  bar.  The  results  shown  are 
somewhat  remarkable.  The  bar,  after  planing  off  the  surface  on  all 
four  sides,  is  much  tougher  than  it  was  before.  This  difference  can- 
not be  due  to  any  fault  in  the  method  of  testing,  as  may  be  seen  from 
a  comparison  of  this  table  with  Tables  Nos.  2  and  3.  The  superiority 
of  the  ijlaned  bar  is  probably  due  to  the  lessening  of  the  shrinkage 
strains  when  the  surface  of  the  rough  casting  is  removed.  It  is 
possible  that  the  same  gain  might  be  made  by  annealing  the  rough 
bar.  The  discovery  of  the  great  increase  in  resilience  after  planing 
might  have  been  jjrophesied,  perhaps,  from  studies  heretofore  made 
of  the  loss  of  strength  due  to  shrinkage  strains.  This  fact,  however, 
has  never  before  been  demonsti*ated  by  actual  impact  tests,  to  the 
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TABLE  No.  5. — RESiiiiENCE  of  Cast-Ikon  Bars. 
Eflfect  of  increasing  initial  fall  of  hammer. 


Melt. 

i 

a 

B 

c 

1 

s 

3 

Size  of  Bar. 

c 

S 

cl. 

si"* 

1° 

Resilience  per  cu- 
bic inch.  Ill  inch- 
pounds. 

Span. 

Depth. 

Width. 
b. 

' 1 

' 1 

^ 1 

'• 1 

156-159 
164-167 
160-163 
170-174 
180-183 
177-179 
175-176 
219-222 
223-226 
215-218 
253-255 
249-252 
256-359 
260-263 

4 
4 
4 
5 
4 
3 
2 
4 
4 
4 
4 
4 
4 
4 

24 
24 
24 
12 
12 
12 
12 
24 
24 
24 
12 
12 
12 
12 

0.9 
0.9 
0.9 
0.9 

2 
2 

2 
3 
2     • 

2 

1 

2 

2 

1.9 

1.9 

1.9 

1.9 

13 

13 

13 
6.5 
6.5 
6.5 
6.5 

13 

13 

13 
5.7 
5.7 
5.7 
5.7 

7.0 
9.5 

12.0 
4.0 
6.5 
9.0 

12.0 
6.0 
7.5 
9.0 
5.0 
6.0 
7.0 
8.0 

11.4 
12.1 
12.5 
12.7 
13.0 
16.8 
15.2 
11.8 
11.6 
11.5 
21.2 
19.1 
21.9 
22.3 

*  Planed. 

Note. — All  bars  were  rectangular. 

author's  knowledge.  The  great  advantage  of  finishing  castings  exposed 
to  shocks  should  be  taken  into  account  by  designers  of  machinery. 

Table  No.  6  gives  the  results  of  tests  of  paving  brick.  The  first 
tests  of  brick,  made  with  the  hammer,  were  unsuccessful  on  account 
of  the  great  thickness  of  a  brick  compared  with  its  length.  The 
broken  brick  would  wedge  between  the  hammer  and  the  oj^posing 
knife-edge,  so  that  the  hammer  could  not  swing  through.  To  remedy 
this,  the  author  devised  a  knife-edge  which  would  be  immovable  when 
struck  squarely,  but  which  would  move  freely  by  a  side  pressure. 
The  form  and  dimensions  of  this  device  are  shown  in  Fig.  13.  As 
soon  as  the  brick  is  broken,  the  knife  edges  are  thrown  outward  and 
the  hammer  swings  freely  through.  With  the  aid  of  these  "free 
knife-edges"  bricks  were  tested  with  good  results. 

Owing  to  the  low  resilience  of  a  brick  compared  with  its  weight,  it 
was  found  advisable  to  raise  the  hammer  no  higher  than  was  necessary 
to  break  the  brick.  A  higher  drop  usually  showed  a  higher  resilience. 
It  is  probable  that  the  values  given  in  Table  No.  6  are  higher  than 
would  be  obtained  could  the  error  due  to  inertia  be  entirely  elimi- 
nated. It  is  hardly  safe  to  accept  these  results  in  compai-ing  bricks, 
unless  thev  be  of  the  same  dimensions. 
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TABLE  No.  6. — Resilience  op  Vitrified  Paving  Brick. 

All  broken  on  a  spau  of  7  ius. 


Where  made. 

o 

a 

"1  M 

Weight  of 
brick,  in 
pounds. 
W. 

a 

t,  o 

^^ 

o 
|i 

XI  to 

ss 

Resilience  per 
cubic  inch,  in 
inch-pounds. 

Glen  Carbon,  111... 

Galesburf ,  111 

Kansas  City,  Mo. . . 

Galesburp,  111 

Canton.  O 

2 
3 

4 
5 
6 

8 
9 

2.6 
2.6 
2.5 
2.6 
2.5 
2.5 
3.0 
3.3 

3.7 
3.9 
3.8 
4.0 
3.9 
3.8 
3.8 
4.0 

6.7 
7,1 

(i.S 

(i.i) 

6.8 
6.5 
8.1 
9.5 

.531-536 
564-569 
539-,544 
.545-550 
.551-.5.57 
5.58-563 
570-575 
576-581 

6 
5 

6 
() 
(i 
6 
6 

1.43 
264 
1.00 
1.54 
2.09 

Alton.  Ill 

1.25 

Glen  Carbon,  111.... 
Athens,  0 

2.19 
3.26* 

*  This  high  value  is  probably  due.  in  part,  to  the  greater  weight. 

Table  No.  7  shows  the  results  of  a  few  tests  of  red  brick.  The  com- 
parative values  obtained  from  soft  and  hard  bricks  are  as  might  be  ex- 
pected. The  familiar  test  of  striking  two  bricks  together  in  the  hands 
is  a  crude  impact  test,  and,  in  experienced  hands,  probably  determines 
the  comparative  toughness  of  the  brick  with  some  accuracy. 

Table  No.  17  gives  a  comparison  of  the  values  obtained  with  differ- 
ent materials,  tested  in  the  manner  described.  They  are  classed  as 
brittle  materials  because  they  can  be  tested  in  the  same  way  as  cast 
iron,  and  do  not  require  special  treatment,  as  do  wrought  iron  and 
steel.  The  table  gives  a  good  rough  idea  of  the  comparative  value  of 
these  materials  under  impact.  The  values  given  in  the  last  column  are 
the  mean  of  several  tests  in  each  case.  They  should  not  be  taken  as 
typical,  as  the  samples  were  taken  from  materials  at  hand  and  may  not 
be  truly  i-epresentative. 

Tests  of  Tough  Materials. 

Having  now  dealt  more  or  less  effectively  with  the  brittle  materials, 
a  class  that  i)resents  greater  difficulties  must  be  considered.  How,  for 
example,  shall  the  ultimate  resilience  of  a  sample  of  wrought  iron  be 
determined  ?  If  an  attempt  is  made  to  break  a  rectangular  bar  of  soft 
iron,  it  will  only  be  bent.  To  break  such  a  bar  successfully,  it  must 
first  be  nicked.  A  nicked  bar  can  be  broken,  and  the  resilience  to  be 
overcome  is  but  little  more  than  that  of  the  metal  lying  close  to  the 
nick. 
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TABLE  No.  7. — Resilience  of  Red  Brick. 
All  broken  on  a  span  of  7  ins. 


Kind  of  brick. 

o 

3 

Dimensions  op 

Brick,  in 

Inches. 

Weight     of 

brick,  in 

pounds. 

W. 

jnce  per 
inch,  in 
pounds. 

I. 

h. 

b. 

HI 

2 
3 
5 

8.5 

8 

8.5 

2-4 
2.2 
2.2 

4.1 
3.9 
4.2 

5.4 
5.1 
5.2 

687-691 
692-695 
708-713 

5 

4 
6 

0.26 

Common,  hard  burned. 
Common,  soft 

0.30 
0.10 

For  want  of  some  better  method,  the  author  adopted  the  i^lan  of 
using  a  nicked  bar  for  testing  soft  iron  and  steel,  and  determining  the 
ultimate  resilience  per  square  inch  of  cross-section  at  the  nick.  If  the 
nick  is  deep  enough  to  cause  the  bar  to  break  oflf  short,  and  is  always 


-Sp. 


Fig.  7 


^b-' 


yK 


%'-^ 
^ 


Fig.  8 


\ 

h 

y 

Fig.  9 


^^ 


m, 


rn 


Fig.  10 


Fig.  11 


of  the  same  form,  it  would  seem  that  the  resilience  should  be  in  some 
degree  proportional  to  the  area  of  the  reduced  section.  If,  further- 
more, the  reduced  section  be  always  of  the  same  depth,  the  resilience 
should  be  directly  proportional  to  the  area. 
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TABLE  No.  8.— Nicked  Cast-Ikon  Baks. 
Besilience  per  square  inch. 


■s 

a 

, 

8"^' 

^'i 

■p?i« 

a  «  o  A  »  C 

S  . 

u 

o 
tab 

53S 

« '■ 

3.... 

210-214 

7 

.5 

1.0 

5 

49.5 

11.4 

3.... 

205-209 

7 

1.0 

1.0 

o 

83.8 

11.4 

4.... 

272-275 

9 

.5 

.9 

4 

81.6 

11.8 

4.... 

268-271 

9 

.75 

.9 

4 

91.4 

11.8 

4.... 

264-267 

9 

1.0 

.9 

4 

100.7 

11.8 

*  Figure  No.  giving  shape  of  nick  (see  Figs.  7  to  11 ). 

N.  B.— All  bars  2  ins.  x  1  in.    All  nicked  bars  broken  edgewise,  on  18-in.  span, 
of  each  bar  about  6.4  lbs. 


Weight 


-X-^ 


KNIFE  EDGE-TOOL  STEEL 


< 2M >i 


-V4—> 


<~V4—> 


P'lGURE  1:3. 
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TABLE  No.  9. — Nicked  Wooden  Bars;  Lot  No.  3. 

Resilience  per  square  inch. 

Experiments  Nos.  313  to  375.  All  bars  shaped  as  shown  by  Fig.  8, 
with  de^jth  of  about  f  in.  at  nicked  section.  Depth,  lir  to  2  ins. 
at  ends.  Width  of  bars,  ^  to  If  ins.,  when  not  shown  in  second 
column.  Span,  8  ins.  These  tests  were  made  without  shims,  to 
prevent  denting. 


Kind  of  Wood. 

Width  of  sec- 
tion at  nick, 
in  inches. 
h. 

Weight  of  bar, 

in  pounds. 

W. 

Resilience,  in  Inch-Pounds  per 
Square  Inch  of  Section  at  Nick. 

Maximum. 

Minimum. 

Average. 

White  pine 

4 
4 
4 
4 
2 
2 
4 
2 
2 
6 
4 
4 
3 
4 
4 
6 
6 

221 
203 
299 
255 
235 
86 
299 

84 
161 
118 
168 
215 

85 

129 

Ash 

172 

Cherrv 

.9 

.38 

216 

222 

Red  cedar.  No.  1 

No.  2 

1.0 

\i 

1.7 

.9 

1.1 

.49 
.85 
.44 
.52 
.26 
.44 

225 
85 
247 

Cypress.  No.  1 

"         No.  2 

Chestnut 

Yellow  pine 

225 
69 
199 
229 
235 
432 
438 

250 

87 
432 
447 
420 
574 
650 
500 
690 
1418 

78 
306 
322 

Black  walnut 

Maple 

9 
.9 

.44 
.43 

328 
516 

White  oak 

546 

Oak,  No.  2 

419 

Locust* 

1.0 
1.1 

.56 
.73 

566 
1118 

6a3 

Hickory* 

•  The  results  in  these  remarkably  tough  woods  are  not  strictly  comparable  with  the 
others,  on  account  of  tearing  out  of  the  extreme  fiber. 


Figs.  7  to  11  show  the  different  forms  of  nick  that  were  used  in  the  ex- 
periments. Each  form  of  nick  is  designated  by  a  figure  number,  so  that 
it  may  be  referred  to  in  the  tables.  The  order  of  these  figures  shows 
the  results  of  the  experience  gained  in  these  tests. 

The  first  timber  tests  were  made  with  bars  like  Fig.  7.  The  form 
shown  in  Fig.  8  was  then  tried  in  order  to  reduce  the  chances  of 
longitudinal  splitting.  In  Fig.  9,  the  section  is  diminished  by  plan- 
ing the  sides.  Fig.  10  was  found  to  give  better  results  with  very 
tough  wood  or  metal.  Fig.  11  is  the  same  as  Fig.  10,  but  with  the 
section  reduced  as  in  Fig.  9.  In  the  last  two  forms,  the  hammer 
strikes  the  bar  at  the  side  of  the  smaller  nick. 

Table  No.  8  shows  the  results  of  nicked  tests  made  with  cast-iron. 
The  values  given  in  the  last  column  show  that  the  metal  Avas  all  of 
equal   toughness.     The   observed  values,   given  in    the  column    next 


256 


RUSSELL   ON    IMPACT   TESTING    EXPERIMENTS. 


TABLE    No.    10.— Nicked    White    Oak    Babs. 
Effect  of  shields  or  shims  at  knife-edges. 
All  bars  of  straight-grained  white  oak  of  same  quality.     Bars  nicked 
as  shown    in  Fig.   10.      Depth   of  section  at  nick  (//)  =0.8  ins. 
Width  of  section  (b)  =1.7  ins.     Size  of  bar  at  ends  =  1.75  ins. 
square.    Weight  of  bar  =  0.88  lb.     Span,  8  ins. 


Experiment  Nos. 

Number  of  tests. 

Resilience 

Maximum. 

430 

505 

Minimum. 

Average. 

With  shims 

Without  shims... 

450-455 
456-461 

6 
6 

301 

278 

343 

410 

to  the  last,  indicate  that  the  resilience  -per  square  inch  of  section  is 
not  constant  for  varying  depths  of  section. 

Table  No.  9  shows  the  results  of  tests  with  different  kinds  of  wood. 
The  resilience  values  shown  by  this  table  are  probably  somewhat 
high  on  account  of  loss  by  denting  the  wood.  Table  No.  10  shows 
some  tests  made  to  learn  how  much  loss  of  energy  was  occasioned 
by  denting.  From  these  results  it  would  aj^pear  that  the  loss  in  this 
way  was  considerable,  and  that  the  wood  should  always  be  protected 
by  shields  or  shims,  at  the  knife-edges.  The  shims  used  were  thin  strips 
of  tempered  steel  about  i  in.  wide.  They  were  laid  flatwise  between 
the  knife-edge  and  the  specimen.  All  the  later  experiments  were  made 
with  the  specimens  protected  from  the  knife-edges  in  this  way. 

Table  No.  11  shows  the  results  of  tests  made  to  determine  the  eflfeet 
of  increasing  the  depth  of  the  nicked  section.  The  results  indicate 
that  the  resilience  of  a  nicked  bar  is  not  directly  proportional  to  the 
area  of  the  nicked  section.  The  variation  is  in  the  same  direction  as 
it  was  in  the  cast-iron  bars  recorded  in  Table  No.  8. 

The  nick  shown  by  Fig.  10,  which  was  used  in  the  tests  shown 
in  Tables  Nos.  10,  11  and  12,  was  found  to  be  the  most  satisfactory 
form  for  tests  of  wood.  With  this  nick  there  is  seldom  any  longitu- 
dinal splitting,  which  would  destroy  the  value  of  the  test.  Table  No. 
12  shows  tests  of  white  and  yellow  pine  and  white  oak,  made  with  this 
form  of  nick.  Shims  were  used  in  these  tests,  so  that  they  may  be 
considered  as  made  in  a  more  approved  manner  than  the  tests  of 
Table  No.  9.  It  is  interesting  to  compare  these  timber  tests  Avith 
those  made  by  Professor  Thurston  (see  Table  No.  21). 
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TABLE  No.   11. — Nicked  Yellow  Pine  Babs. 
Resilience  i^er  square  inch. 
All  bars  of  same  lot  of  straight  grain  lumber.     Bars  nicked  as  shown 
in  Fig.    10.     Width  of  section  (/;)  =  1^  ins.     Size  of  bar  at  ends 
2  X  1^  ins.     Weight  of  bar  =  0.75  lbs.     Bar  protected  by  steel 
shims  at  knife-edges.     Span,  8  ins. 


Depth  of  section 

at  nick. 

h. 

Experiment  Nos. 

Number  of  tests. 

Resilience,  in  Inch-Pounds  per 

SijuARE  Inch  of  Section. 

«... 

Maximum. 

Minimum. 

Average. 

.66 

.88 

533-530 
496-503 

8 
8 

410 
525 

124 
211 

312 
447 

TABLE  No.  12.— Nicked  Wooden  Baks;  Lot  No.  4. 

Resilience  per  square  inch. 

All  bars  If  to  2  ins.  deep  at  ends.     All  bars  nicked  as  shown  in  Fig.  10. 

Bars  protected  by  shims.     Span,  8  ins. 


Kind  of  Wood. 

H 

s 

Is 

Weight  of  beam, 

in  pounds. 

H'. 

1^ 

Resilience,  in  Inch-Pounds  Per 
Square  Inch  of  Section. 

Rr.. 

Maximum . 

Minimum. 

Average. 

White  pine 

Yellow  pine 

White  oak 

.88 
.66 
.80 

.83 
1.5 

1.7 

.35 

.75 

.88 

7 
8 
6 

223 
410 
430 

(Ill 
124 
301 

Ittl 
312 
343 

TABLE  No.  13.— Nicked  Bronze  Bars. 

Resilience  per  square  inch. 

Bronze  containing  85^^  of  copper.     All  bars  from  same  melt  (lot  No. 

2),  and  2  ins.  x  i  in.  at  ends.  All  broken  edgewise  on  12  ins.  sj^an. 


i 

a 
S 

5 

s 

B 

3 
Ml 

1$ 

(S 

II 

•3  V 

^•5 

a 
'5:'" 

n 
S 

s 

Resilience,  in  Inch-Pounds  Per 
Square   Inch    of   Section    at 
Nick.              R,. 

EXPE 

Maximum. 

Minimum. 

Average. 

3»4-399. . 
473-478.. 

'1 

1.00 
..50 

1.00 
.32 

.50 
..50 
.38 
.38 

4.22 
4.13 
4.31 
4.00 

3 
3 
3 
3 

1305 

1302 

1205 

769 

1  192 
884 

1087 
581 

1252 

1087 

1  147 

673 

Note.— Ultimate    strength,  27  730  lbs.  per  square  inch.    6.9^  elongation  in  8  ins. 
Tensile  resilience  by  gradual  load.  1  573  in. -lbs.  per  cubic  inch. 
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TABLE    No.    14.— Nicked    Plow-Steel    Baks. 
Resilience  by  imijact  and  by  gradual  load. 

All  bars  nicked  as  shown  in  Fig.  7,  and  broken  edgewise  on  a  span  of 
12  ins.    All  bars  2  ins.  x  i  in.     Weight  of  one  bar  =  1.6  lbs. 


By  Impact.                                      ! 

By  Gradual  Load. 

Depth  of  section  at 

nick,  in  inches. 

h. 

Numbei-  of 
tests  made. 

Resilience,    in      inch- 
pounds    per   square 
inch   of    section    at 
nick. 

Number  of 
tests  made. 

Resilience,    in     inch- 
pounds   per  square 
inch   of   section   at 
nick. 

i?3 

.50 
.75 
.75 
.25 

4 

4 

'4 

2  115 
1025 

1913 

4 
3 

1 

1527 
1  133 
1460 

Note.— All  from  lot  No.  1.  Ultimate  tensile  strength.  83  720  lbs.  per  square  inch. 
Elongation,  20.3°5'  in  7%  ins.  Ultimate  tensile  resilience  by  stress  diagram,  15  000  in. -lbs. 
per  cubic  inch,  gradual  load. 


Table  No.  13  shows  twelve  experiments  with  bronze.  Here,  again, 
it  will  be  noticed  that  the  resilience  per  square  inch  increases  with  the 
depth  k,  as  it  did  in  the  case  of  cast-iron  and  wood. 

Table  No.  14  shows  a  comparison  of  impact  and  gradual  loading  on 
nicked  bars  of  plow-steel.  The  gradual  load  tests  were  made  in  an 
ordinary  transverse  testing  machine;  the  loads  and  corresponding  de- 
flections were  observed  and  plotted,  and  the  resilience  was  taken  from 
the  diagram.  It  will  be  noticed  that  the  resilience  by  impact  is  about 
one-third  greater  than  the  resilience  by  gradual  load.  The  diflference 
is  nearly  as  great  as  was  observed  in  rectangular  bars  of  cast  iron  (see 
Table  No.  1).  Table  No.  14  shows  also  that  the  resilience  per  square 
inch  does  not  increase  with  a  greater  depth  of  section,  as  was  observed 
in  nicked  bars  of  cast-iron,  wood  and  bronze.  In  the  plow-steel  tests 
it  is  found  that  the  greatest  depth  gives  the  least  unit  resilience,  quite 
the  oi^posite  of  what  might  have  been  expected. 

Table  No.  15  shows  a  number  of  experiments  with  steel  and  iron. 
In  making  these  exjieriments  it  was  found  that  with  very  tough  metal 
the  bar  should  be  nicked  on  both  edges,  to  insure  a  clean  break  and 
uniform  results.  Some  of  the  lots  of  steel  were  tested  for  tensile 
strength  and  elongation.  The  results  of  these  tests  are  given  in 
Table  No.  15. 
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TABLE  No.  15. — Nicked  Iron  and  Steel  Baks. 

Resilience  per  square  inch. 

Bars  nicked  as  shown  by  Fig.  10.     Deptli  of  section  at  nick,  in  inches, 

(//)=0.25. 


Metal. 

1 

s 
a 

o 

■* 

s 

o 
u 

S 

3 

CO 

1 

MB 

B 
3 
5? 

lis 

ill 

"fee 

_-    Co— H 

a?  0  g 
Q 

Resilience,    in    inch- 
pouuds  per  square 
inch  of  section,  at 
nick. 

Ultimate     tensile 
strength,  in  pounds 
per  square  inch. 

CO 

■S.S 

*  a 

0.2 

<B-tt 
^£ 
^« 

Iron,  Norway 

"     Tenn.  Com..  .. 

"         "     charcoal. 
Soft  steel 

2 
3 

4 
3 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
7 
7 
9 
3 
6 
6 
6 
6 
6 
1 
1 
2 
2 

'743 
743 
743 
743 
743 
749 
749 
749 
749 
749 
757 
757 
757 
757 
757 
794 
806 
918 

"b 

C 
D 
G 
H 

4 
6 
6 
4 
3 
2 
3 
2 
3 
3 
3 
3 
3 
2 
3 
2 
3 
2 
3 
3 
3 
3 
3 

4 

2 
2 

I5  X  T 

lAx  J 
Inxi 
11  X  V« 

1b  X  a 

It  X  t's 
Igxi 
Igxi 
Is  X  fh 
lgx3 
1b  X  Te 

Ib  X  i 

In  X  .'b 
l|xg 

1h  X  IB 

^i  X  J 

UxS 
Ij  X  A 
2    xl 
Jixi 

JgX  1 

Igxi 
Uxi 

lixj 

2    x-i 
2    x4 
2x3 
2    X  J 

.25 
.25 
.25 
.75. 
.27 
.32 
.39 
.45 
.50 
.27 
.32 
.39 
.45 
.50 
.27 
.32 
.39 
.45 
.50 
.50 
.39 
.52 
.75 
.49 
.61 
.47 
.50 
.47 
.25 
.25 
.37 
.25 

7  200 

2  808 

3  560 
1285 
3  385 
5  828 

5  415 

3  886 

4  919 
3448 
4  709 
4  366 
4  065 
1821 
4  836 

6  036 
4  997 
2  743 

2  981 
1523 

4  416 

3  810 
773 

1106 
1  769 

5  611 
1064 

4  822 
2600 
3300 
1770 
1709 

41500 

55  000 

52  500 

6b' 900 
.53  750 

53  300 

54  800 
52  250 
63  100 
61250 
,56  100 

57  000 

58  600 

60  600 

56  900 

56  (XW 
55600 

57  600 

61  800 

58  900 
52  720 

72  686 
91  260 

28.2 
21.2 
27.5 

I        i. 

26.1 

i             n 

30.3 

i         1.1. 

32  4 

i         .1 

29  6 

i            .; 

33  1 

1           it. 

27  0 

k            .1 

23  9 

i           it 

31  6 

I           11 

31  5 

t            i( 

25  8 

1           It 

25  4 

30  5 

.           11 

26  2 

27  7 

1           11 

27  5 

1           11 

25  1 

M 

N 
Fl 
C{ 

29  0 

32.4 

2715 
18.9 

edium  steel 

ckel        "    

uid  comp.  steel 

1st  Steel    

Table  No.  16  gives  the  records  of  tests  made  with  bars  of  alumi- 
num. The  metal  was  of  the  kind  used  in  making  bicycle  frames.  An 
analysis  showed  98.05^^  of  aluminum.  A  tensile  test  showed  16  750  to 
19  970  lbs.  per  square  inch  ultimate  strength,  and  1^  to  Sh%  elongation, 
in  8  ins.  The  specific  gravity  of  the  metal  was  2.764.  In  these  tests 
a  greater  unit  resilence  with  a  greater  dejith  of  section  may  again  be 
observed. 

Table  No.  18  gives  a  comparison  of  the  tests  made  with  different 
metals.     The  values  cannot  be  taken  as  typical.     The  numbers  given 
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TABLE  No.  16. — Nicked  Aluminum  Baks. 

Resilience  j^er  square  inch. 

All  bars  8  ins.  long  between  supijorts.     Experiments  Nos.  740-762. 


Size  of  Section  at 

a 

-2 

■f-£-§ 

Nick,  in 

Inches. 

k. 

1 

Depth  and  width  of  bar 

o* 

.2-r  0 

at  ends,  in  inches. 

hi) 

S-*^ 

rs-o 

°  3:± 

|i 

s 

^ 

1 

3 

( 

10 

.25 

1.25 

1.44 

4 

468 

D^x  l>i J 

10 

.37 

1.25 

1.45 

4 

600 

11 

.37 

.75 

1.41 

3 

513 

( 

10 

.2.5 

1.25 

2.06 

4 

530 

8xlX } 

10 

.50 

1.25 

2.13 

4 

579 

" 

..50 

.75 

2.07 

3 

519 

Note.— Ultimate  tensile  strength,  16  750  to  19  970  lbs.  per  square  inch  Elongation,  1]4 
to  S}4^  in  8  ins.  Ultimate  tensile  resilience  by  stress  diagram,  15  000  in. -lbs.  per  cubic 
inch,  gradual  load. 

TABLE  No.  17. — Resilience  of  Bkittle  Materials. 

Resilience,  in  inch-poiincls  i>ev  cubic  inch.     All  tests  made  with  rect- 
angular beams,  struck  in  the  center  and  broken  by  a  single  blow. 


Resilience. 
R,. 

Material. 

Resilience. 
R,. 

Material. 

Max. 

Min. 

Av. 

Max. 

Min. 

Av. 

18 

22 

3 

10 

19 

1 

11.5 

21 
1.6 
.26 
.30 

Common  brick,  soft 

.10 

"      "     planed 

Vitrified  paving  brick. . . 

Fire               "       1 

.44 

.33 

"  Granitoid""* 

.30 

.15 

.20 

*  A  composition  of  Portland  cement  and  crushed  granite,  much  used  for  sidewalks- 

Table  No.  18. — Resilience  of  Tough  Matekials. 

Resilience,  in  inch-pounds  per  square  inch  of  section  at  nick.  All  tests 
made  with  rectangular  beams,  nicked  at  the  center  and  broken  by 
a  single  blow.     Fig.  No.  10,  h  =  0.25  in. 


Resilience. 
R,. 

Material. 

Resilience. 
R,. 

Material. 

Max. 

Min. 

Av. 

Max. 

Min. 

Av. 

Aluminum 

530 
7200 
5  600 

468 

2  300 

770 

500 
2  000 
2  000 

Soft-steel 

6  000 
1770 

1  300 
1709 

3  000 

Cast-steel 

Medium-steel 
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TABLE  No.  20. — Resilience  of  Beams. 

E  =  Resilience,  in  incli-i^ouuds  of    a  beam  1  in.  square  and  12  ins. 
between  supports. 


Kind  of  material. 

Value. 

Kind  of  material. 

Value. 

81 
3.2 
0.96 
127.6 
100.0 

Oak.  English 

78.4 

Slate 

"     Canada 

71.5 

Pine,  pitch 

70.7 

Ash 

"      red 

58.7 

! 

Note.— The  above  values  were  taken  from  Table  No.  67  of  Box  on  '"Strengrth  of 
Materials." 


TABLE  No.  21. — Relative  Torsional  Resilience. 


Kind  of  wood. 


White  pine 

Spruce 

Eed  cedar 

Spanish  mahogany 

Ash 

Chestnut 


Value. 


1.00 
1.50 
1.61 
1.65 
2.25 
2.40 


Kind  of  wood. 


Yellow  pine.. 
Black  walnut. 

Locust 

Oak 

Hickory 


Value 


3.87 
3.95 
5.80 
6.60 
6.90 


Note.— The  above  table  was  taken  from  Thurston's  "Materials  of  Engineering. 
These  tests  were  made  with  gradual  load. 


in  the  last  column  for  wrought  iron  and  soft  and  medium  steel  are 
thought  to  be  fair  values  for  an  average  grade  of  metal.  In  low- 
gi-ade  steels,  or  steels  low  in  carbon,  it  is  a  commonly  accejjted 
theory  that  a  high  j^ercentage  of  phosi^horus  makes  steel  brittle 
Tinder  impact.  *  It  may  be  from  such  a  cause  that  some  of  the  steel 
tested  gave  such  low  results.  It  may  be,  on  the  other  hand,  more 
a  question  of  the  temperature  at  which  the  metal  was  finished"  in  the 
rolls. 

Tables  Nos.  20  and  21  were  taken  from  well-known  authorities, 
and  are  given  for  comparison  with  the  results  of  the  other  experi- 
ments. Both  of  these  tables  present  values  of  resilience  by  gradual 
loading. 


♦Johnson's  "Materials  of  Construction,"  pp.  166  and  167. 
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CONCLXJSIONS. 

The  conclusions  are:  First,  in  the  case  of  brittle  materials,  definite 
values  for  resilience  may  be  obtained. 

S(^co)id,  in  the  case  of  tough  materials,  like  wrought  iron,  definite 
relative  values  for  resilience  of  materials  of  the  same  class  may  be  ob- 
tained by  the  use  of  a  test  bar  of  standard  form  and  size. 

This  latter  conclusion  indicates  that  it  may  be  specified  that  steel 
shall  show  a  certain  ultimate  resilience  per  square  inch,  with  a  given 
form  of  nicked  test  bar.  Should  this  requirement  jjrove  satisfactory 
in  practice,  it  may  eventually  be  possible  to  dispense  with  chemical 
tests  of  steel  for  structural  purposes. 

It  may  also  be  concluded  from  the  tests  that  the  resilience  of  cast- 
iron  bars  is  greatly  increased  by  jjlaning. 

One  more  important  deduction  may  be  made  from  the  tests,  and 
that  is,  that  metals  show  a  higher  ultimate  resilience  lander  impact 
than  they  do  under  gradually  applied  loads. 

When  the  j^roper  values  of  resilience  under  impact  have  been  de- 
termined for  structural  materials,  designers  will  be  able  to  act  with 
more  intelligence  in  planning  structures  exposed  to  live  loads  and  to 
shocks.  They  will  be  able  to  stibstitute  iron  or  stone  for  wood  in  cer- 
tain cases  with  greater  assurance  of  safety.  The  study  of  resilience 
will  also  lead  to  better  designing  in  other  ways.  Useless  material  in  a 
strixcture  or  member  will  generally  decrease  the  resilience,  Avhich  fact 
is  already  well  known  but  frequently  lost  sight  of.  The  general  use 
of  resilience  tests  would  serve  to  keep  such  facts  in  mind,  and  make 
them  more  commonly  understood. 

It  is  with  the  idea  of  encouraging  the  practical  use  of  imjjact  tests 
that  the  results  of  these  experiments  are  offered  to  the  Society. 
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DISCUSSION. 


Mr.  Buck.  L.  L.  Buck,  M.  Am.  Soc.  C.  E. — While  the  New  York  and  Brook- 
lyn bridge  was  being  built,  the  speaker  saw  some  interesting  ex- 
periments on  resilience.  A  wire  about  100  ft.  in  length  was  suspended 
from  the  land  span  on  the  New  York  side,  and  on  the  lower  end  there 
was  a  nut  and  a  washer.  Above  the  washer,  and  sliding  on  the  wire, 
there  was  a  weight  of  about  50  lbs.  The  weight  was  first  raised  about 
2  ft.  and  allowed  to  drop.  It  was  then  dropped  from  a  height  of  4  ft., 
then  6  ft.,  etc.,  the  distance  being  gradually  increased  for  each  drop. 
The  wire  was  broken  by  the  weight  falling  from  a  height  of  30  ft. 
The  elongation  of  the  wire  befoi'e  it  broke  was  remarkable. 

A  rod,  about  94  ft.  long  and  1  in.  in  diameter,  to  the  lower  end  of 
which  was  attached  a  wire  G  ft.  long,  was  used  in  another  experiment. 
At  the  lower  end  of  the  wire  there  was  a  nut  and  a  washer,  and  the 
same  weight  was  made  to  slij)  over  the  rod.  The  weight  was  dropped 
from  a  height  of  1  ft.,  then  from  a  height  of  2  ft.,  etc.  The  wire, 
although  cut  from  the  same  piece  as  in  the  first  experiment,  was 
broken  by  the  falling  of  the  weight  from  a  height  of  6  ft.  This  showed 
the  effect  of  the  length  of  time  taken  in  arresting  the  motion  of  the 
falling  weight.  "When  the  length  of  the  wire  was  only  6  ft.  there  was 
very  little  elongation,  and  it  was  broken  apparently  very  easily.  This 
can  be  shown  by  using  a  rubber  strap  to  arrest  the  motion  of  a  weight 
which  would  on  falling  the  same  distance  break  a  wire  considerably 
stronger  than  the  strap. 

In  the  experiments  mentioned  the  elongations  of  the  wire  under 
the  different  falls  were  not  measured.  The  wire  was  of  No.  7  steel, 
having  a  tensile  strength  of  160  000  lbs.  per  square  inch.  The  long 
wire  broke  some  6  or  8  ft.  from  the  bottom  ;  the  short  wire  about  2  ft. 
from  the  bottom. 

„    „  Joseph  Mayer,  M.  Am.  Soc.  C.  E. — The  resilience  of  a  material  is 

Mr.  Mayer.  ' 

the  quantity  of  work  consumed  per  pound  before  breaking,  if  tested 

as  a  prismatic  body. 

Prismatic  bodies  of  a  given  material  consume  a  certain  amount  of 
work  per  pound  which  is  indeijendent  of  the  shape  and  size  of  the  piece. 

If  nicked  pieces  are  used,  the  same  material  will  absorb,  before 
breaking,  a  different  amount  of  work  per  pound,  according  to  the  size 
and  shape  of  the  nick  and  the  size  and  shape  of  the  piece.  The 
amount  of  work  absorbed  per  pound,  of  a  given  material  is  not  a  con- 
stant, but  dejiends  on  various  factors  indei)endent  of  the  quality  of  the 
material.  It  is  therefore  entirely  improper  to  call  the  amount  of  work 
absorbed  under  such  conditions  its  resilience. 

Unless  the  term  resilience  means  the  amoiint  of  work  per  pound 
consumed  by  prismatic  bodies  before  breaking,  it  has  no  definite  mean- 
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ing  at  all,  aud  each  experimenter  will  obtain  a  different  resilience  for  Mr.  Mayer, 
the  same  material  according  to  the  shape  of  the  piece  tested  ;   and 
confusion  reigns  supreme  and  brings  discredit  on  all  the  tests  and  on 
the  whole  idea  of  resilience. 

J.  B.  Johnson,  M.  Am.  Soc.  C.  E.,  has  made  a  number  of  valuable 
tests,*  in  which  the  resilience  of  cast  iron  was  measured  by  gradu- 
ally applied  loads. 

These  tests  do  away  with  the  inaccuracies  unavoidable  in  tests  by 
blows,  because  in  the  latter  an  unknown  amount  of  the  work  con- 
sumed is  absorbed  by  the  yielding  of  supports,  the  inertia  of  the  test 
piece,  and  the  development  of  heat. 

These  tests  by  gradually  applied  loads  give  results  similar  to  those 
by  blows,  and  they  could  be  applied  to  soft  materials  without  nicking 
them,  so  as  to  obtain  their  real  resilience. 

*  TVanJiactioris,  Vol.  xxii,  p.  91. 
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CORRESPONDENCE. 


Mr.  Christie.  James  Chbistie,  M.  Am.  Soc.  C.  E.  — A  determination  of  resilience, 
especially  if  obtained  by  impact  tests,  would  supjily  desirable  knowl- 
edge of  the  practical  value  of  materials.  When  the  material  is  sus- 
ceptible to  fracture,  and  has  no  well-defined  elastic  limit,  the  ultimate 
resilience  alone  can  be  depended  upon  ;  but  in  ductile  materials,  or 
those  that  do  not  fracture  readily,  a  determination  of  the  elastic  resil- 
ience would  be  more  useful.  The  author  might  obtain  this  in  his 
impact  machine  by  introducing  another  pendulum,  bearing  on  the 
reverse  side  of  the  specimen;  the  energy  conveyed  to  this  pendulum, 
through  the  deflection  of  the  specimen,  being  used  as  a  basis  for  com- 
putations of  elastic  resilience. 

The  results  obtained  from  nicked  specimens  are  of  doubtful  utility. 
Possibly  in  wood  or  similar  material,  which  is  formed  by  an  assem- 
blage of  strands  or  fibers,  the  resistance  of  the  nicked  specimen  may 
bear  some  constant  ratio  to  that  of  a  specimen  with  parallel  sides,  but 
this  is  not  true  in  the  case  of  a  material  of  a  crystalline  character. 
The  well-known  weakness  of  a  nicked  bar  of  high-grade  steel  is  con- 
firmed by  the  results  obtained  by  the  author,  which  place  tool-steel 
below  the  hard  woods  in  resilience.  The  theory  of  elasticity  indicates 
that  when  deflection  occurs  in  such  nicked  sj^ecimens,  the  stresses  at 
the  interior  angle  are  infinite,  or  that  destruction  has  begun  at  the 
lowest  possible  stress.  Therefore,  nicking  the  specimen  is  only  par- 
tially destroying  the  material,  in  order  to  insure  rupture  in  material 
that  otherwise  would  not  break  by  a  bending  process. 
Mr.  Meem.  J.  C.  Meem,  Assoc.  M.  Am.  Soc.  C.  E. — There  are  one  or  two  points 
in  this  interesting  paper  concerning  which  the  writer  begs  to  ofi"er 
the  following  in  the  line  of  suggestion  or  of  asking  for  more  informa- 
tion. In  Tables  Nos.  1  and  14  the  author  refers  to  the  discrepancies 
noted  between  the  resilience  of  metals  broken  by  impact  and  by 
gradual  loading.  It  appears  to  the  writer  that  this  discrepancy  may 
be  explained  by  the  fact  that  the  difference  between  the  initial  fall  and 
rise  of  the  hammers  does  not  seem  to  be  correctly  expressed  in  the 

formula  K^  =  103  ^     ~~ r^j't  ^^^^  and  that  it  should  rather  be  E^  = 


Lhh 


F^       i    ^- 


103 


\  a        (a,  f  /  in  which  a  and  a^  are  the  arcs,  respectively, 

Till) 

through  which  the  hammer  falls  and  rises,  and  F  and  S  are  the  actual 
fall  and  rise,  as  in  the  first  formula,  i.e.,  the  versed  sines  of  the  arcs 
a  and  a^;  and,  as  it  follows  always  that  (t^^  is  larger  with  respect  to  -S" 
than  (I  with  resj^ect  to  F,  it  will  be  found  that  the  impact  results  will 
probably   be   reduced  in  any  case   by  not  more  than  J  or  i.     The 
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author's  formula  may  perhaps  embody  this  without  exi^ressing  it  iu  Mr.  Meem. 
detail,  but  if  it  does  not,  it  may  account,  as  stated,  for  the  discrejiancy. 

The  author  proves  that  it  is  necessary  to  know  only  the  Aveight  of 
the  hammer  and  its  relative  rise  and  fall,  and  that  an  increase  or 
diminution  of  this  fall  does  not  materially  affect  the  result.  This  is 
especially  interesting  as  doing  away  with  the  necessity  for  further 
consideration  of  the  force  and  velocity  of  impact. 

It  is  further  borne  out  by  the  fact  that  a  gradually  applied  load 
gives  I'elatively  the  same  results  as  one  by  impact. 

It  is  instructive  also  to  note  that  the  length  being  the  same,  the 
resilience  is  the  same  for  a  piece  broken  along  the  breadth  b  as  for  one 
broken  along  the  depth  '/ ;  and  that  an  inci-ease  of  length  proportion- 
ally increases  the  ultimate  resilience.  Both  of  these  conclusions  are 
borne  out  by  an  inspection  of  the  theoretical  formulas  for  resilience 
under  a  gradual  load.  As  some  of  the  author's  results  are  expressed 
in  terms  of  resilience  per  cubic  inch,  and  others  per  square  inch,  the 
writer  ventures  to  suggest  that  it  might  be  well  to  express  them  always 
in  terms  of  resilience  per  sqiiare  inch.  For  it  would  seem  to  convey  a 
more  practical  idea  to  say  that  the  resilience  of  an  inch  bar  was  twice 
as  great  per  sqiiare  inch  for  a  length  of  24  ins.  as  for  a  length  of  12 
ins.,  than  to  say  that  the  resilience  per  cubic  inch  was  the  same  in 
each  case;  i.e.,  it  would  seem  better  to  express  the  variable  (resilience 
per  square  inch)  in  terms  of  the  variable  (length).  This  point  may  like- 
wise have  been  considered  by  the  author,  and  discarded  for  good 
reasons  in  the  valuable  jjaper  he  has  contributed  to  the  opening  of 
an  apparently  new  field  for  the  investigation  of  a  very  interesting 
subject. 

J.  B.  Johnson,  M.  Am.  Soc.  C.  E. — This  paj^er  is  a  substantial  con-  Mr.  Johnson, 
tribution  to  the  literature  on  the  strength  of  materials.  The  machine 
described  is  the  first  that  has  come  to  the  notice  of  the  Avriter,  which 
will  indicate  the  true  shock-resistance  of  any  engineering  material. 
The  theory  of  the  machine  is  very  simple  and  natural,  and  it  is 
therefore  the  more  I'emarkable  that  it  should  not  have  found  an 
earlier  embodiment.  There  is  no  portion  of  the  vast  field  of  testing 
the  strength  of  materials  which  has  been  so  grossly  mismanaged  and 
misunderstood  as  this  matter  of  testing  resistance  to  shock.  As  the 
writer  has  repeatedly  asserted  elsewhere,  tests  of  shock  resistance  by 
repeated  blows  give  no  absolute  data  which  can  be  used  for  compara- 
tive purposes.  Only  when  all  the  conditions  of  the  test  and  test- 
specimen  are  exactly  duplicated  can  any  comparison  be  instituted, 
and  then  only  with  the  greatest  caution  and  the  most  intelligent  dis- 
crimination. The  author's  results,  however,  are  absolute  in  their 
character,  especially  on  brittle  materials,  and  since  it  is  only  with 
such  materials  that  engineers  are  especially  concerned  regarding  the 
resistance  to  shock,  his  ai)paratus  is  all  that  practice  really  demands. 
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Mr.  Johnson.  The  paper  sliows  tlie  great  necessity  there  is  for  a  single  Avord  de- 
noting resistance  to  shock.  The  author,  in  the  absence  of  such  a 
word,  follows  some  other  writers  by  using  the  term  resilience,  or  total 
resilience,  as  indicating  this  property  ;  but  there  is  no  doubt  that  this 
is  a  misuse  of  the  term.  It  has  hitherto  been  restricted  by  careful 
WTiters,  and  by  the  highest  authorities,  to  that  definition  given  by  the 
Century  Dictionary  (quoting  Thomson  and  Tait),  this  being  also  the 
original  meaning  of  the  term  as  used  by  Young  in  1807.  The  term 
resilience  should,  therefore,  be  made  to  mean  only  the  energy  given 
back  by  the  body  in  returning  to  an  unstressed  condition.  Within 
the  elastic  limit  this  is  sensibly  the  same  as  the  energy  absorbed  by 
the  body  in  deforming  it.  If  the  return  path  (on  a  stress  diagram) 
were  identical  with  the  deforming  path,  these  two  would  be  precisely 
equal,  but  as  a  matter  of  fact  this  return  path  (on  the  load  coordinate) 
is  always  a  little  below  the  deforming  path,  the  difference  represent- 
ing the  small  amount  of  heat  generated  and  dissipated,  even  in  elastic 
deformation.  Beyond  the  elastic  limit  the  resilience  proper  becomes 
a  very  small  part  of  the  deforming  energy  absorbed,  so  that  two  terms 
are  needed,  one  indicating  the  energy  put  into  the  body  in  deforming 
it  and  the  other  the  energy  given  back  by  the  body  in  the  act  of  re- 
covery. The  latter  only  should  be  called  resilience.  The  former  may 
be  called  resistance  to  shock,  or  shock-resistance,  but  in  the  opinion 
of  the  writer  it  should  not  be  called  resilience. 

In  the  absence  of  such  a  machine  as  the  author  here  describes  the 
writer  has  been  accustomed  to  determine  shock  resistance  from  the 
total  area  of  the  static  stress  diagram.  That  this  gave  too  small  a 
result  he  also  knew,  since  it  has  been  shown  that  for  equal  deforma- 
tions, made  statically  and  by  impact,  the  resistance,  or  stress,  is  very 
much  greater  under  a  quick  action  than  under  a  slow  one,  and  hence 
the  impact  stress  diagram,  if  it  could  be  obtained,  would  be  very  much 
larger  than  the  static  diagram.  Thus,  for  soft  iron  wire  it  has  been 
shown  that  the  actual  resistance  to  shock  is  some  30"^  greater  than 
would  be  inferred  from  a  static  stress-diagram.*  For  brittle  materials 
it  has  been  supposed  there  would  be  less  diflference.  The  author 
shows,  however  (Table  No.  1),  that  there  is  at  least  this  difference 
in  the  case  of  cast  iron.  In  other  words,  the  time  element  does  effect 
the  ratio  of  stress  to  deformation  with  brittle  materials  the  same  as 
with  ductile  materials.  It  follows,  therefore,  that  a  greater  actual 
shock-resistance  may  always  be  expected  than  would  be  computed 
from  static  stress-diagrams,  this  excess  being,  perhaps,  from  one-third 
to  one-half  the  computed  shock-resistance.  This  in  itself  is  a  very 
important  discovery. 

The  superior  resistance  of  the  planed  bars  (Table  No.  4)  is  doubtless 
due,  mostly,  to  the  removal  of  the  rough  exterior  rather  than  to  the 

*  "  Materials  of  Construction,"  p.  79. 
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relieving  of  internal  stress.  Mr.  W.  J.  Keep  has  just  shown*  that  a  Mr.  Johnson, 
similar  increase  of  strength  ituder  a  static  test  results  from  the  smooth- 
ing and  peneing  action  of  the  iuunmerable  blows  received  in  a  rattler. 
He  undertakes  to  show,  and  apparently  succeeds  in  showing,  that  this 
increase  in  strength  is  but  slightly  due  to  the  shocks  received  [as  had 
been  i)roved  (?)  by  Outerbridge  in  1895],  and  that  it  is  almost  wholly 
due  to  the  smoothing  down  of  the  rough  exterioi-.  It  has  long  been 
known  that  test  sjiecimens  show  au  increase  of  strength  due  to  such 
smoothing  away  of  all  irregularities,  even  though  these  be  very  small, 
so  that  it  is  now  common  to  require  test  sj^ecimens  to  be  finished  with 
a  tine  file,  and,  perhaps,  i)olished,  rather  than  to  take  them  directly 
from  the  lathe  or  i)laner.  Very  small  indentations  furnish  favorable 
conditions  for  the  starting  of  a  crack,  or  permanent  deformation,  when 
these  would  be  considerably  delayed  without  such  starting  points. 

The  necessity  of  rigid  supports  in  shock  tests  has  been  well  brought 
out  in  the  paper,  and  the  author  has  evidently  very  successfully  mas- 
tered this  problem  in  his  design. 

It  may  still  be  doubted  whether  or  not  diictile  or  tough  materials 
can  be  successfully  tested  on  such  a  machine.  If  the  author  would 
try  the  exijeriment  of  varying  the  sharpness  of  the  base  of  the  notch  at 
the  center,  as  shown  in  Figs.  7  to  11,  he  would  find  that  the  slightest 
change  here  makes  a  great  difference  in  the  result.  These  results 
also  would  seem  to  have  no  absolute  meaning,  and  comparisons  could 
only  be  instituted  between  sijecimens  which  were  identical  in  size  and 
shape  in  every  particular.  "  Energy  absorbed  per  square  inch  of 
cross-section  ''  is  a  meaningless  phrase,  since  uo  energy  can  be  absorbed 
on  a  true  mathematical  plane  or  section.  Some  length  dimension 
jnust  be  included  to  give  a  volume  on  which  the  energy  spends  itself, 
but  what  this  length  dimension  is,  in  the  case  of  nicked  bars,  cannot  be 
determined.  It  would  seem,  therefore,  that  the  only  true  field  for 
such  tests  as  here  described  is  with  brittle  materials.  For  these  the 
.author  seems  to  be  the  first  to  show  how  au  absolute  shock-resistance 
modulus,  which  is  characteristic  of  the  material  and  independent  of 
.the  form  and  dimensions  of  the  specimen,  can  be  obtained,  and  it  is 
this  which  gives  to  the  paper  a  very  great  significance  and  value. 

S.  Bent  Kussell,  M.  Am.  Soc.  C.  E. — The  first  point  raised  by  Mr.  Mr.  Russell. 
Meem  (a  question  of  formulas)  does  not  seem  to  be  well  taken,  as  the 
following  illustration  will  show: 

Assume  a  iJendulum  weighing  100  lbs.,  swinging  in  a  vacuum  on 
frictionless  supports  so  that  its  center  of  gravity  rises  and  falls 
through  a  vertical  height  of  1  ft.  The  energy  contained  in  the  pendu- 
lum wdll  be  100  ft. -lbs.  at  any  instant,  whether  taken  at  its  highest 
point,  when  it  has  no  velocity,  or  at  its  lowest  point,  when  it  has  the 
greatest  velocity,  or  at  any  intermediate  jjoint. 

*  In  a  paper  before  the  Am.  Soc.  Mech.  Engrs.,  New  York  meeting,  December,  1897. 
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Mr.  Russell.  Having  determined  the  energy  of  the  pendulum  to  be  100  ft. -lbs.,  it 
must  be  capable  of  doing  100  ft. -lbs.  of  work.  Now  interpose  a  test- 
bar  at  any  point  in  the  path  of  the  i:)endulum,  where  it  will  be  broken. 
After  the  bar  is  broken  by  the  jjendulum  it  is  found  that  the  latter  is 
still  swinging  back  and  forth,  but  that  it  now  swings  through  a  smaller 
arc.  Sujapose  that,  on  measuring,  the  center  of  gravity  is  now  found 
to  rise  and  fall  through  a  vertical  height  of  2  ft.  The  pendulum  now 
contains  but  50  ft. -lbs.  of  enei-gy  and  hence  the  difterence,  or  50  ft.- 
Ibs.,  has  been  absorbed  in  breaking  the  test  bar.  as  is  known  from  the 
law  of  the  conservation  of  energy.  It  is  not  necessary  to  know  the 
position  of  the  test  bar  or  the  length  of  the  arcs,  or  even  the  length  of 
the  pendulum. 

The  vertical  height  through  which  the  hammer  is  raised  determines 
the  energy  in  it  as  soon  as  it  is  released.  Hence,  in  the  testing  machine 
described  (where  the  hammer  weighs  103  lbs.)  103  F is  the  energy  be- 
fore striking,  and  103  S  is  the  energy  after  rupture.  Add  to  the  latter 
a  small  quantity,  or  what  is  believed  to  have  been  lost  in  friction,  and 
take  103  {S  -{-  C)  as  the  true  energy  after  the  rupture  of  the  bar.  The 
difference  between  these  values,  or  103  \^F —  {S  -\-  C)],  must  correctly 
express  the  value  of  the  energy  absorbed  in  rupturing  the  specimen. 

In  reference  to  the  point  made  by  Professor  Johnson  on  the  resil- 
ience of  planed  cast-iron  bars,  the  author  cannot  agree  with  him  in 
thinking  that  the  experiments  of  Mr.  Keep  are  conclusive  in  the  matter, 
and  would  still  incline  to  the  opinion  that  it  is  largely  a  question  of 
shrinkage  strains. 

There  is  another  statement  made  by  Professor  Johnson  to  which 
the  author  cannot  fully  subscribe,  viz.:  "It  is  only  with  such  (brittle) 
materials  that  engineers  are  especially  concerned  regarding  the  resist- 
ance to  shock."  Engineers  are  concerned  with  the  resistance  to  shock 
of  all  structural  materials,  and  it  may  certainly  be  allowed  that  they  are 
especially  concerned  with  the  resistance  to  shock  of  the  higher  grades 
of  structural  steel.  The  greater  the  strength  of  steel,  the  greater  the 
danger  of  low  resistance  to  shock,  hence  the  more  complete  the  knowl- 
edge of  the  shock  resistance  of  the  metal,  the  higher  the  strength  that 
can  be  used  with  assured  safety  and  the  more  economical  the  design. 
If  impact  tests  have  been  found  a  practical  necessity  in  the  case  of 
rails,  railway  axles  and  cast-steel  drawbars,  it  can  scarcely  be  denied 
that  a  knowledge  of  the  resistance  to  shock  of  tough  material  is  emi- 
nently desirable. 

Referring  to  Mr.  Meem's  last  point,  as  to  expressing  resilience  in 
terms  of  its  value  per  square  inch,  it  maybe  said  that  there  would  seem 
to  be  no  advantage  in  giving  the  resilience  of  rectangular  bars  in  terms 
of  the  area  of  the  section  for  a  stated  length.  In  the  case  of  nicked  bars 
the  use  of  the  term  resilience  per  square  inch  is  open  to  objection  and  is 
only  excusable  where  the  width  and  depth  are  nearly  uniform  for  all  the 
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sections  to  be  compared,  and  where  the  material  is  of  the  same  Mr.  Russell, 
character,  so  that  the  field  of  distortion  may  be  presumed  to  be  the 
same  in  all  sections.  Even  under  these  conditions  the  expression 
should  be  regarded  as  a  temporary  expedient,  so  that  the  true  condi- 
tions of  each  experiment  are  not  lost  sight  of.  In  using  this  exi^edient 
it  is  assumed  that  the  iinkuown  length  dimension  is  the  same  in  all 
bars  to  be  compared. 

In  discussing  this  point  Professor  Johnson  remarks  that  resilience 
per  square  inch  "  would  seem  to  have  no  absolute  meaning."  Grant- 
ing this,  it  may  be  in  order  to  note  that  "  percentage  of  elongation  " 
has  likewise  no  absolute  meaning.  The  length  measured  must  be  given, 
or  no  definite  knowledge  is  conveyed.  Given  the  percentage  of  elonga- 
tion in  8  ins.  of  a  sample  of  steel,  and  who  can  say  what  the  percentage 
of  elongation  will  be  in  a  length  of  2  ins.  or  in  a  length  of  8  ft.? 
And  yet  it  is  the  common  i>racticeto  give  the  elongation  in  percentage, 
stating  the  length  measured.  In  something  the  same  way  resilience 
per  square  inch  means  nothing  unless  the  form  and  dimensions  of  the 
bar  are  given,  but  it  seems  easier  to  make  comparisons  if  the  results 
are  reduced  to  a  common  area. 

Mr.  Christie  remarks  that  "The  results  obtained  from  nicked  speci- 
mens are  of  doubtful  iitility,"  and  in  this  position  is  sustained  by 
Messrs.  Mayer  and  Johnson.  In  considering  this  point  it  is,  perhaps, 
in  order  to  note  that  in  all  physical  tests  of  material  there  is  more  or 
less  difficulty  in  obtaining  results  that  are  "  characteristic  of  the  mate- 
rial and  independent  of  the  form  and  dimensions  of  the  specimen." 
For  instance,  in  the  case  of  cement,  experimenters  have  been  working 
for  years  to  obtain  such  results,  and  with  but  indifferent  success. 
Therefore,  we  need  not  be  discouraged  if  only  comparative  values  can 
be  obtained  in  the  case  of  ultimate  resilience  of  steel. 

It  is  also  in  order  to  note  that  in  actual  practice  striictural  material 
is  not  always  used  in  prismatic  forms  subject  to  uniform  stress. 

Wherever  two  members  are  joined  together,  there  are  changes  of  sec- 
tion more  or  less  abrupt.  At  every  seam  in  a  boiler  shell  a  somewhat 
abrupt  reduction  of  section  is  made  by  the  row  of  rivet  holes.  The 
screw  thread  on  a  bolt  causes  a  nicked  section.  In  timber  construction 
the  pieces  have  sharp  re-entrant  angles  where  they  are  framed  together. 

Keeping  these  points  in  mind  and  admitting  that  the  nicked  tests 
are  merely  comparative  and  are  so  only  when  the  specimens  are  iden- 
tical in  size  and  shape  in  every  particular,  it  seems  fair  to  conclude 
that  tests  of  nicked  specimens  may  yet  prove  of  some  practical  value, 
in  the  absence  of  a  better  method  of  determining  the  toughness  of  duc- 
tile materials  under  shock.  The  value  of  nicked  tests  could  best  be 
determined  with  a  suitable  testing  machine  located  in  a  steel  mill, 
where  specimens  could  be  obtained  of  any  desired  thickness  and  com- 
position and  worked  at  any  desired  temperature. 
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Mr.  Russell.  Professor  Johnson's  objections  to  the  use  which  has  been  made  of 
the  word  resilience  in  the  jjaper  are  doubtless  well  taken.  The  term 
shock-resistance,  however,  does  not  appear  to  be  free  from  objection. 
For  example,  the  title  of  Table  No.  1  is  "  Resilience  by  Impact  and 
by  Gradual  Load. "  Shock-resistance  by  gradual  load  would  be  an  in- 
consistent expression,  hence  the  term  shock-resistance  cannot  be  sub- 
stituted here  to  convey  the  idea  in  mind.  It  would  be  desirable,  then, 
to  find  some  expression  for  energy  absorbed  which  would  avoid  the 
use  of  the  word  shock. 
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WITH  DISCUSSION. 

There  is  a  strong  desire  in  some  of  the  large  cities  along  the  Great 
Lakes  to  become  seaports,  and  a  widespread  belief  in  the  possibility  of 
its  accomiilishment.  The  survey  of  a  ship-canal  28  ft.  deep  from  the 
lakes  to  the  ocean,  at  present  under  way,  is  proof  that  this  desire  has 
had  sufficient  force  to  induce  favorable  action  in  Congress. 

The  Northwestern  States  are  vitally  interested  in  reducing  freight 
rates  to  Europe,  even  more  than  iu  reducing  rates  to  home  markets, 
since  the  home  price  of  produce  which  is  exjjorted  in  considerable 
quantities  is  equal  to  the  price  in  the  i^rincipal  foreign  markets,  less 
the  cost  of  reaching  them.  In  view  of  the  fact  that  Montreal  will 
soon  have  a  canal  14  ft.  deep,  with  locks  45  ft.  wide  and  270  ft.  long, 
connecting  it  with  the  West,  New  York  has  made  an  effort  to  improve 
its  canals  by  beginning  the  work  of  deepening  them  to  9  ft.  The 
unexpected  cost  of  this  work  will  at  least  cause  delay,  and  has  again 
brought  up  the  question:  "  What  should  be  done  ?" 
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The  most  valuable  information  helping  to  answer  this  question  is 
contained  in  a  report  by  Major  Symons,  M.  Am.  Soc.  C.  E.,  to  the 
Chief  of  Engineers,  U.  S.  A.,  on  a  canal  between  the  Great  Lakes 
and  New  York,  capable  of  accommodating  the  tonnage  of  the  lakes. 
Major  Symons  is  in  favor  of  a  barge-canal  of  about  12  ft.  depth  ;  he 
believes  that  a  ship-canal  of  24  ft.  dej)th  or  more  would  not  cause  a 
sufficient  saving  in  cost  of  transportation  over  a  barge-canal  of  12  ft. 
depth  to  pay  a  reasonable  retiarn  on  the  additional  expense,  even 
with  an  estimated  tonnage  of  24  000  000  a  year  passing  through  it. 

The  present  cost  of  transportation  by  water  for  a  bushel  of  wheat 
from  Chicago  to  Liverpool  is,  according  to  Major  Symons: 

Chicago  to  Buffalo 1.37  cents. 

Transfer  charge,  Buffalo 1. 16     " 

Buffalo  to  New  York   2.65     " 

Transfer  charge.  New  York 1.50     " 

New  York  to  Liverpool 5.43     " 

Chicago  to  Liverpool 12.11     " 

Of  the  rate  of  5.43  cents  from  New  York  to  Liverpool,  the  vessel 
owner  pays  for  trimming  0.2  cent  a  bushel,  which  leaves  him  5.23 
cents  a  bushel.  The  items  given  as  transfer  charges  in  Buffalo  and 
New  York  are  only  a  part  of  the  cost  caused  by  these  transfers.  A 
shijj  loading  in  Chicago  and  unloading  in  Liverpool  would,  in  com- 
parison with  the  present  ship  between  Chicago  and  Buffalo,  the  canal 
boats  between  Buffalo  and  New  York,  and  the  ship  between  New  York 
and  Liverpool,  save  all  the  time  spent  for  ti'ansfers  in  Buffalo  and 
New  York.  It  would  therefore  save  half  the  time  spent  in  jiort  by 
the  lake  ship  and  ocean  vessel  and  the  whole  time  sj^ent  in  port  by  the 
canal-boat. 

The  canal-boat  spends  twelve  days  out  of  thirty  of  the  active  season 
in  port,  and  about  one-third  of  its  expenses  are  iuciirred  during  this 
time.  The  ocean  vessel  and  lake  vessel  sjiend,  resjoectively,  say,  0.3 
and  0.4  of  their  time  in  port,  and  about  one-quarter  and  one-third  of 
their  expenses  are  incurred  while  there.  Therefore,  one-sixth  of  the 
cost  from  Chicago  to  Buffalo,  one-third  of  the  cost  from  Buffalo  to 
New  York,  and  one-eighth  of  the  cost  from  New  York  to  Liverpool,  are 
chargeable  to  costs  of  transfer  in  Buffalo  and  New  York. 
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The  present  costs  clue  to  transfers  in  Buffalo  and  New  York  are 
therefore  as  follows  in  cents  per  bushel  of  wheat : 

Transfer  cost,  Buffalo (i  of  l.;37)  +  Lit;  -|-  (i  of  2.65)  ^  1.83 

Transfer  cost,  New  York. .  .  .(i  of  2.65)  +  1.70  +  (^  of  5.23)  =  2.79 

Total  costs  of  ti'ansfer,  Buffalo  and  New  I'^ork 4.62 

The  revised  estimate,  in  detail,  of  present  costs  Chicago  to  Liver- 
pool, in  cents  per  bushel  of  wheat,  is  therefore  as  follows: 

Chicago  to  Buffalo 1 .  14  cents. 

Transfer  in  Buffalo  1 .83 

Buffalo  to  New  York 1.77 

Transfer  in  New  York 2 .  79        " 

New  York  to  Liverpool  4 .  58       " 

Total,  Chicago  to  Liverpool, 12. 11        " 

The  cost  of  transfers,  of  4.62  cents  per  bushel,  or  $1.54  per  ton, 
equal  to  38^  of  the  total  cost,  would  V)e  saved  by  a  ship-canal  allow- 
ing ocean  steamers  to  pass  to  the  lakes,  unless  it  should  j^rove  to  be 
more  expensive  to  transport  freight  from  Chicago  to  New  Y'^ork  in 
ocean  steamers  than  the  present  cost  of  transport  from  Chicago  to 
Buffalo  and  Buffalo  to  New  York,  which  is  1.14  +  1.77  =  2.91  cents 
per  bushel. 

Major  Symons  gives  an  estimate  of  the  cost  of  transport  from 
Chicago  to  New  York  in  a  lake  steamer  of  16-ft.  draft,  through  a  24- 
ft.  canal,  from  Buffalo  to  New  York,  and  from  this  can  be  obtained  an 
idea  of  the  cost  in  an  ocean  steamer  from  Chicago  to  New  York.  A 
lake  steamer  is  better  adapted  to  transport  on  the  lakes  than  an  ocean 
steamer.  The  fact  that  freight  rates  per  ton-mile  are  about  the  same 
on  the  lakes  and  the  ocean,  however,  shows  that  the  advantage  which 
an  ocean  steamer  has  of  running  throughout  the  whole  year  nearly 
balances  the  disadvantages  arising  from  its  design,  and  the  cost  from 
Chicago  to  Buffalo  in  an  ocean  steamer  running  in  28-ft.  channels 
would  be  aboTxt  the  same  as  the  cost  in  the  present  lake  steamers. 

On  a  ship-caual  28  ft.  deep,  from  Buffalo  to  New  Y'ork,  an  ocean 
steamer  could  do  business  about  as  cheaply  as  a  lake  steamer  of  16-ft. 
draft,  because  here,  also,  their  advantages  and  disadvantages  would 
about  balance  one  another.  The  cost  of  transport  from  Chicago  to 
New  York  in  an  ocean  steamer  would  therefore  be  the  same  as  in  a 
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lake  steamer.  The  table  on  page  284,  whicli  is  obtained,  by  corrections 
presently  to  be  explained,  from  Major  Symons'  Table  No.  32,  gives 
tins  cost  of  transport  from  Chicago  to  New  York  by  a  lake  vessel  of 
16-ft.  draft  as  2.92  cents  per  bushel.  This  is  0.01  cent  more  than  the 
present  cost  on  lake  and  canal.  The  total  saving  in  the  cost  of  trans- 
portation of  a  bushel  of  wheat  from  Chicago  to  Liverjjool  attainable 
by  providing  a  28-ft.  channel  is  therefore  4.62  —  0.01  =  4.61  cents  per 
bushel  or  $1.54  per  ton. 

There  is  a  very  serious  error  in  Major  Symons'  estimate  of  the  cost 
of  transportation  of  wheat  from  Chicago  to  New  York  by  a  steamer  of 
either  16  or  20-ft.  draft,  through  a  canal  24  ft.  deep  between  Buffalo 
and  New  York.  He  obtains  the  cost  by  adding  to  the  present  freight- 
rates  on  the  lakes  from  Chicago  to  Buffalo  his  calculated  cost  from 
Buffalo  to  New  York.  It  must  be  remembered  that  the  freight-rate 
from  Chicago  to  Buffalo  allows  for  the  loss  of  time  caused  by  loading 
and  unloading  in  Buffalo.  If  the  steamer  went  through  Buffalo  both 
ways  without  loading  and  unloading,  this  time  would  be  saved.  It 
is  reasonable  to  assume,  that  if  a  ship-canal  existed,  facilities  for 
loading  and  unloading  would  be  j^rovided  in  New  Y'^ork  at  least  as 
good  as  those  existing  in  Buffalo.  The  only  additional  time  required 
for  the  round  trij)  from  Chicago  to  New  York  and  back,  instead  of  to 
Buffalo  and  back,  would  be  the  time  required  for  going  and  coming 
from  Buffalo  to  New  York. 

This  time  with  an  average  speed  in  canal  and  canalized  river  of 
4  miles,  and  a  speed  of  13  miles  in  lake  and  river,  would  be  7  days 
12  hours,  and  not  22  days  as  Major  Symons  estimates.  If  it  is  remem- 
bered that  the  running  cost  of  the  steamer  per  day  would  be  the  same 
during  these  7  days  12  hours,  with  the  exception  of  the  cost  for  fuel, 
oil,  and  waste,  and  possibly  of  insurance  on  wheat,  as  the  daily  cost 
on  the  assumed  22  days,  it  is  easy  to  obtain  the  additional  cost  of 
going  from  Chicago  to  New  Y'^ork  and  return,  instead  of  from  Chicago 
to  Buffalo  and  return.  For  this  purpose  Table  No.  25  of  Major 
Symons'  report  is  here  introduced:  Ship-canal,  Buffalo  to  New  York, 
Oswego  route,  steel  lake-freighter  of  largest  type,  drawing  20  ft., 
carrying  7  000  tons  of  wheat  down.  Wheat  transported  down  an- 
nually 70  000  tons,  return  up  one-third  load  miscellaneous  freight, 
aggregating  23  333  tons  annually;  steamer  value  $250  000;  value  per 
ton  of  carrying  capacity  at  20-ft.  draft,  $35.71. 
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Season's  Expenses. 

1.  Wages  and  subsistence .^9  314. 25 

2.  Fuel,  oil,  waste,  etc 11  675.00 

3.  Ordinary  repairs 1  800 .  00 

4.  Insurance  on  steamer 8  750 .  00 

5.  Insurance  on  wheat 6  125 .  00 

4.  Interest  on  cost,  6% 15  000.00 

7.  Deterioration,  etc.,  6% 15  000.00 

8.  Miscellaneous  small  exj)enses 750  00 

Total ^68  414.25 

If  insurance  on  wheat  is  assumed  to  be  the  same  per  ti'ip,  what- 
ever the  time  required,  and  if  the  same  is  true  of  fuel,  oil  and  waste, 
both  unfavorable  assumptions  for  ship  transportation,  the  cost  per  day 
of  items  1,  3,  4,  6,  7,  8  is  obtained  by  dividing  the  items  given  by 
220,  the  number  of  days  the  vessel  is  assumed  to  be  in  commission. 
The  cost  per  trip  of  items  2  and  5  is  obtained  by  dividing  the  above 
amounts  by  10,  the  number  of  trijjs  assumed.  This  gives  the  total 
cost  for  7|  days  as  $35  063. 

The  freight  carried  per  round  trip  is  equivalent  to  300  000  bushels  of 
wheat.  The  cost  per  bushel  is  therefore  1.17  cents  instead  of  2. 28  cents, 
as  given  by  Mayor  Symons. 

For  a  steamer  of  16- ft.  draft  Mayor  Symons' figure  is  2.81  cents,  and 
the  corrected  figure  is  1.41  cents.  These  corrected  figures  of  1.17  and 
1.41  cents  are  the  costs  from  Buffalo  to  New  York,  because  in  this  cal- 
culation the  whole  cost  to  the  steamer  caused  by  delays  in  port  has  been 
charged  to  the  cost  from  Chicago  to  Buffalo.  About  0.46  cent  per  bushel 
ought  to  be  sixbtracted  from  the  rate  from  Chicago  to  Buffalo  for  costs 
in  port,  caused  by  transfers.  For  a  steamer  of  16-ft.  draft  the  cost 
from  Chicago  to  New  York  ought  therefore  to  be  divided  as  follows: 

Cost  in  Chicago  for  transfer 0.23  cent  per  bushel. 

Chicago  to  Buffalo  for  transport 0.91     "  " 

Buffalo  to  New  York  for  transport 1.41     "  " 

Cost  in  New  York  for  transfer 0. 23     " 

Total 2.78  cents 

To  this  ought  to  be  added  0.14  cent  for  profit  from  Buffalo  to  New 
York,  giving  a  total  of  2.92  cents  per  bushel. 

In  the  determination  of  the  most  economical  method  of  transporta- 
tion between  the  Great  Lakes  and  Europe  there  are  these  alternatives 
to  be  considered: 
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First. — Lake  steamers  on  the  lakes,  barges  on  the  canals  and  river 
and  ocean  steamers  from  New  York.  This  method  offers  the  cheapest 
transport  on  lakes,  canals  and  ocean.  It  requires  only  a  cheaj)  canal 
■of  moderate  water-prism  between  Buffalo  and  Albany.  It  is,  however, 
subject  to  heavy  costs  of  transfer  at  Buffalo  and  New  York.  The  delays 
caused  by  transfers  make  this  the  slowest  method.  It  jDrobably  jus- 
tifies a  canal  12  ft.  deep. 

Second. — Barges  on  the  lakes,  canals  and  near  sea  coasts;  ocean 
steamers  for  distant  sea  coasts  and  foreign  trade.  This  method  avoids 
all  transfer  in  Buffalo,  and  a  large  part  of  it  in  New  York.  It  gives 
fairly  cheap  transport  on  the  lakes,  canals,  and  along  the  sea  coasts, 
but  it  is  siibject  to  heavy  costs  for  transfer  in  New  Y'^ork  on  a  jiart  of 
the  traffic.  It  probably  requires  a  canal  16  to  18  ft.  deep  to  make  it 
most  economical. 

Third. — Ocean  steamers  for  through  business  between  the  West 
and  foreign  countries  or  distant  sea  coasts;  barges  or  lake  steamers 
between  the  West  and  the  East.  This  avoids  all  transfers,  gives  cheap 
transijortation  on  the  lakes  and  ocean,  but  rather  dear  transportation 
on  canals  for  through  business  between  the  West  and  Europe.  For 
business  between  the  West  and  the  East  it  gives  the  best  accommoda- 
tion, allowing  a  larger  speed  for  barges  and  lake  steamers.  It  is  the 
fastest  route  for  all  traffic;  but  it  needs  not  only  enormously  expensive 
canals,  but  also  the  deepening  of  lake  channels  and  harbors. 

It  is  evident  from  the  above,  that  for  determining  which  is  the 
best  method  the  following  data  have  to  be  obtained: 

(a)  Cost  of  canals  between  Buffalo  and  New  York  of,  say,  12,  18,  24 
and  28  ft.  depth. 

(6)  Cost  of  deej^ening  lake  channels  and  harbors  to  various  depths. 

(c)  Cost  of  transportation  in  ocean  vessels  of  various  draft  from  20 
to  26  ft.  on  the  ocean  or  lakes,  and  in  canals  and  rivers. 

(d)  Cost  of  transportation  in  barges  and  lake  vessels  of  various  draft 
in  canals  and  rivers  of  different  size,  and  on  the  lakes  and  sea  coasts. 

(e)  Cost  of  transfer  in  New  York  and  Biiffalo  and  methods  of  im- 
proving the  same. 

{/)  Probable  amount  of  traffic  through  canals  of  varioiis  depths 
and  at  various  freight  rates. 

Major  Symons'  report  contains  the  most  valuable  collection  of  data 
referring  to  these  matters,  which  has  come  to  the  author's  knowl- 


MAYER    ON    ECONOMIC    DEPTH    FOR     CANALS.  279 

edge.  An  estimate  of  the  cost  of  a  ship-caual  28  ft.  deep,  made  by 
eminent  engineers,  will  shortly  be  made  jjublic.  The  14-ft.  canal 
from  Montreal  to  the  West,  which  will  be  opened  next  year,  will 
probably  soon  supply  valuable  data  in  regard  to  the  cost  of  trans- 
jiortation  in  large  barges,  in  canals,  and  on  the  lakes. 

There  are  two  kinds  of  costs  incurred  in  moving  freight,  cost  of 
transport  and  cost  of  transfer.  The  best  possible  adaptation  of  the 
carrier  to  the  route  on  which  it  travels  will  make  the  cost  of  trans- 
port the  smallest.  Canals  of  moderate  depths  will  furnish  very  cheap 
transport  if  the  carriers  are  especially  adapted  to  them.  This  best 
adaptation  of  the  carrier  to  the  roiite,  for  the  ti'affic  between  the 
lakes  and  Europe,  is,  however,  only  obtainable  by  transfers  in  New 
York  and  Buffalo.  These  in'oduce  large  costs  of  transfer,  and  slow- 
ness of  transi>ortation,  the  latter  a  disadvantage  difficult  to  be  ex- 
jjressed  in  figures,  unless  the  higher  freight  rates  and  larger  amounts 
of  business,  which  railroads  are  able  to  obtain,  are  taken  as  a 
measure  of  it.  These  costs  of  transfers  can,  on  the  route  here  con- 
sidered, be  partly  avoided  by  using  barges  that  are  able  to  run 
safely  and  economically  on  the  lakes  and  sea  coasts.  These  barges, 
however,  are  not  as  economical  on  canals  as  mere  canal  barges,  be- 
cause the  latter  can  be  built  much  lighter.  These  lake  barges  need 
also  a  much  deeper  and  more  expensive  canal. 

All  transfer  costs  of  throiigh  freight  and  consequent  delays  are 
avoided  by  a  canal  accommodating  ocean  steamers. 

Costs  of  transfer  and  costs  of  transport  are  two  opposing  factors, 
of  which  the  first  can  only  be  avoided  by  at  least  slightly  increasing 
the  latter.  It  is  very  important  to  carefully  determine  what  is  proj)- 
erly  chargeable  to  each,  since  an  error  in  this  respect  must  often  lead 
to  an  erroneous  choice  between  the  three  methods  of  transportation 
above  mentioned.  It  is  also  important  not  to  neglect  the  economic 
value  of  speed  of  transport  which  is  largely  the  cause  of  the  higher 
rates  and  larger  amount  of  business  obtained  by  railroads.  Since 
the  relative  costs  of  transport  and  of  transfer  are  so  decisive,  in  the 
proper  choice  of  method  of  transportation,  Table  No.  1  is  given  and 
shows  the  results  of  a  calculation  of  these  amounts,  based  on  Major 
Symons'  Table  No.  32,  with  the  assumption  that  one-third  of  the  ex- 
penses of  a  steamer  between  Chicago  and  Buffalo,  and  of  the  barges 
between  Buffalo  and  New  York,  and  one-quarter  of  those  of  a  steamer 
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between  New  York  and  Liverpool,  are  incurred  while  in  port.  Several 
columns  have  been  added,  and  corrections  made  in  regard  to  the  cost 
of  transport  in  lake  vessels  between  Buffalo  and  New  York,  and  several 
arithmetical  errors,  in  Major  Symons'  table,  have  been  corrected. 

The  canal  of  12  ft.  depth,  recommended  by  Major  Symons,  would 
probably  decrease  the  total  cost  between  Chicago  and  New  York  by 
2.12  cents  per  bushel,  or  71  cents  per  ton,  partly  by  forcing  a  reduction 
in  transfer  charges  in  Buffalo  and  partly  by  reditcingthe  cost  of  trans- 
port in  the  Erie  canal.  It  Avould  i^robably  bring  about  a  reduction  of 
transfer  charges  in  New  York  for  all  freight  going  through  it,  esti- 
mated at  0.5  cent  per  bushel.  It  might  do  even  better  if  it  should 
prove  practicable  to  build  barges  of  10-ft.  draft,  that  could  run 
economically  on  the  lakes,  canals  and  sea  coasts.  This  saving  would 
abundantly  justify  the  expense  of  a  canal  12  ft.  deep  if  it  were  im- 
possible to  build  one  of  a  different  depth  that  would  give  a  better  return 
on  the  capital  invested.  The  saving  obtainable  by  a  canal  on  the 
Oswego  route,  of  18-ft.  depth,  and  with  a  water-prism  of  2  400  sq.  ft., 
may  be  thus  analyzed:  Such  a  canal  could  be  navigated  by  barges, 
which  have  proved  by  experience  their  ability  to  compete  successfully 
with  the  cheapest  means  of  transj)ort  on  the  lakes  and  along  the  sea 
coast  from  Virginia  to  Maine.  They  would  have  to  run  through  94 
miles  of  canal  and  94  miles  of  canalized  river,  while  the  1  500-ton 
barges  on  the  canal  suggested  by  Major  Symons  would  have  to  con- 
tend with  270  miles  of  canal  and  73  miles  of  canalized  river.  The  for- 
mer would,  therefore,  do  at  least  as  well  as  regards  cost  of  transporta- 
tion, and  very  much  better  in  regard  to  time.  They  would  also  save 
the  transfer  in  Buffalo.  The  cost  from  Chicago  to  New  York  for  a 
bushel  of  wheat  would,  therefore,  be  1.14  cents  less  than  on  the  12-ft. 
canal  (see  Table  No.  1),  or  a  saving  of  38  cents  a  ton  on  all  freight  to 
and  from  New  York.  If  it  be  assumed  that  the  12-ft.  canal  would 
force  transfer  charges  in  New  York,  which  are  now  for  through  busi- 
ness, inclusive  of  trimming  on  ocean  carriers  1.7  cents,  to  1.2  cents, 
there  would  remain  a  cost  of  transfer  in  New  York  of  2  cents,  which 
would  be  saved  on  the  18-ft.  canal  for  all  freight  going  to  near  sea 
coast  points. 

Such  a  canal,  having  a  smaller  amount  of  contracted  channel  and 
avoiding  transfers,  would  also  give  a  considerable  advantage  in  time, 
especially   if  the   locks   at   Niagara  Falls   and   at   Cohoes  could   be 
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bunched  into  two  of  Mr.  Diittou's  ijneumatic  locks  in  the  former,  and 

one  in  the  latter  place.     The  difficulty  of  obtaining  enough  water  on 

the  summit  level  could  also  be  solved  by  using  these  locks   (which 

need  only  a  small  fraction  of  the  water  consumed  by  ordinary  locks) 

in  the  two  locks  at  the  ends  of  this  level.     Such  a  canal,  avoiding 

transfer  in  New  York,  would  give  the  whole  sea  coast  from  Virginia 

to  Maine  the  benefit  of  extremely  cheaji  transport   with   the  West, 

and  would  probably  secure  as  much  freight  from,  and  to  these  sea 

coasts,  as  from,  and  to  New  York. 

The  saving  on  the  18- ft.  canal,  as  against  the  present  Erie  canal, 

would  be  (see  Table  No.   1): 

Cents 
Per  ton.         per  bushel. 

On  freight  to  and  from  New  York ??1.09  3.26 

Europe 1.25  3.76 

near  sea  coast 1.92  5.76 

The  average  is  §1.42  if  equal  amounts  of  freight  be  assumed  for  the 
three  destinations. 

On  a  business  of  12  000  000  tons,  which  might  reasonably  be  ex- 
pected soon  after  the  opening  of  a  12-ft.  canal,  the  saving  would  be 
!B9  520  000,  if  it  be  assumed  that  one-half  of  it  will  go  beyond  New- 
York.  An  18-ft.  canal  could  be  navigated  by  the  barges  at  present 
existing  on  the  lakes  and  sea  coasts.  It  would  give  speedier  transport 
and  could  give  cheaper  rates,  and  would  therefore  have,  from  the  be- 
ginning, a  larger  business  than  a  12-ft.  canal.  If  it  be  assumed  that 
it  would  obtain  a  business  of  15  000  000  tons  soon  after  the  opening, 
it  would  give  a  saving  of  81.42  x  15  000  000  =  §21  300  000  per  year  in 
cost  of  transport  and  transfer.  It  has  been  assumed,  so  far,  that 
barges  would  not  cross  the  ocean.  Attempts  have  been  made  to  build 
whaleback  barges  for  ocean  traffic,  but  if  the  author  is  not  misinformed, 
they  have  failed  on  account  of  structural  weakness.  There  seems  to 
the  author  to  be  no  doubt  that  ocean-going  barges  can  be  designed 
that  could  do  btisiness  on  the  lakes,  and  on  an  18-ft.  canal,  with  fair 
economy ;  and,  with  anything  near  the  present  transfer  charges,  they 
would,  probably,  have  an  advantage  over  other  carriers  in  through 
business  between  the  West  and  Eiirope.  There  would  be  no  difficulty 
in  designing  a  proper  attachment  for  the  hauling  cable  to  the  barge  or 
vessel  to  prevent  its  breaking  on  account  of  the  inharmonious  motion 
of  vessel  and  barge  i^roduced  by  storms.     Should  a  canal  of  18  or  20 
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ft.  depth  be  built  between  Buffalo  and  New  York,  the  greatest  possible 
inducement  would  be  given  to  exjjeriments  in  this  direction,  and  there 
seems  to  be  little  doubt  that  they  would  be  successful.  In  this  case 
there  would  be  much  less  inducement  to  build  a  ship-canal  for  ocean 
steamers  than  at  present  exists. 

A  canal  of  18  ft.  depth,  with  2  400  sq.  ft.  of  water-prism,  on  the 
Oswego  route  would  probably  cost  about  SlOO  000  000.  A  canal  of  24 
ft.  depth,  with  about  4  200  sq.  ft.  of  water-prism  on  the  same  route  is 
estimated  by  Major  Symons  to  cost  $200  000  000. 

The  result  of  this  argument  is  altogether  in  favor  of  large  motor- 
less  barges  as  carriers  on  routes  containing  long  stretches  of  canals, 
and  promising  a  large  business,  because  these  make  possible  the  avoid- 
ance of  expensive  transfers  with  only  a  slight  increase  in  cost  of  canal 
transport. 

The  reason  why  motorless  barges,  fit  for  sea  coast  and  lake  traffic, 
are  almost  equally  well  fitted  for  traffic  in  a  canal  of  sufficient  dejjth, 
lies  in  the  fact  that  they  carry  no  motive  j^ower.  The  motive  power 
for  a  vessel  at  canal  speed  of  4  miles  an  hour,  in  comparison  with  that 
required  for  economical  speed  on  the  lakes,  say  13  miles  an  hour,  is 
about  one  thirty-fourth  of  the  latter.  A  carrier  containing  its  own 
motive  power,  sufficient  for  a  speed  of  13  miles  per  hour,  is  very  ex- 
jjeusive  per  ton  of  carrying  capacity;  it  makes  up  for  this  disadvantage, 
how'ever,  by  its  speed,  and  can  thereafter  do  business  on  the  lakes  as 
cheaply  as  large  barges  at  much  slower  speed  on  canals.  Let  this 
carrier  come  in  the  canals,  where  it  is  obliged  to  reduce  its  sj^eed,  and 
it  suffers  from  the  combined  disadvantage  of  being  very  expensive,  in 
comparison  Avith  its  capacity;  of  needing  a  large  crew;  and  its  motive 
power,  working  at  only  a  small  fraction  of  its  capacity,  is  extremely 
wasteful  in  coal,  oil  and  supplies,  as  well  as  in  attendance  on  engines 
and  boilers.  This  is  the  main  reason  of  the  unfitness  of  either  lake  or 
ocean  steamers  for  canal  traffic.  The  motorless  barges  can  be  hauled, 
on  the  lakes  or  sea  coasts,  by  powerful  tugs  at  the  speed  of  lake  vessels, 
and  on  the  canals,  either  by  steam  canal-barges,  or  by  small  tugs. 
The  difference  in  design  of  lake  and  canal-barges  is  small  in  comparison 
with  that  between  a  vessel  able  to  run  13  miles  an  hour,  and  a  motor- 
less barge,  or  a  barge  fit  to  run  4  miles  an  hour  and  haul  a  few  con- 
sorts. Large  motorless  lake  or  ocean-goiug  barges,  therefore,  ful- 
fill most  nearly  the  conditions  for  cheapest  and  speediest  transport, 
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which  are,  absence  of  transfers  and  best  adaptation  of  carrier  to 
route. 

It  was  above  estimated  that  a  ship-canal  of  28  ft.  dejith  wouhl  give 
a  saving  of  4.61  cents  a  bushel  in  the  transportation  of  wheat  from 
Chicago  to  Liveri>ool,  in  comparison  with  the  cost  on  the  present  Erie 
Canal.  This  gives  a  cost  of  7.5  cents,  or  0.85  cent  less  than  on  the 
18-ft.  canal,  with  transfer  in  New  York  (see  Table  No.  1).  This  is  28 
cents  a  ton,  and  at  present  would  certainly  not  justify  the  enormous 
expense  required. 

For  the  business  between  the  East  and  the  West,  such  a  canal  would 
undoiibtedly  olTer  some  advantages  in  allowing  greater  speed  and 
larger  barges  or  vessels,  but  Avith  the  jireseut  experience  this  ad- 
vantage cannot  well  be  exjiressed  in  figures. 

The  Suez  Canal  is  now  l)eiug  deeiJened  to  10  meters,  and  it  is  the 
expectation  of  many  that  this  will  make  i)ossible  a  s])eed  of  7  miles  an 
hour  on  the  same.  If  these  expectations  are  realized,  it  would  be 
possible  to  calculate  upon  a  greater  speed  for  lake  vessels  and  barges 
than  has  heretofore  been  assumed  on  a  canal  between  Buifalo  and 
New  York.  This  would  give  a  saving  on  the  business  between  the 
Lakes  and  the  coast  which  might  justify  at  some  future  time  the  con- 
struction of  such  a  canal. 

All  these  calculations  and  inferences  are  evidently  not  more  re- 
liable than  the  data  on  which  they  are  based,  and  this  pajjer  was 
not  written  with  the  purpose  of  settling  the  question  in  a  decisive 
way,  but  with  the  intent  of  showing  that  it  has  not  been  settled,  and 
giving  a  method  of  doing  so. 

The  author  hoi:)es  it  has  brought  forward  prominently  the  fact 
that,  since  a  canal  is  built  to  diminish  the  cost  of  transportation,  the 
question  can  only  be  settled  by  cai'efully  analyzing  this  cost,  separat- 
ing it  quantitatively  into  the  different  elements,  finding  how  these 
elements  are  aflfected  by  different  kinds  of  canals  and  carriers,  and 
then  choosing  that  combination  which  will  make  the  sum  of  all  the 
elements  of  cost  a  minimum.  If  this  paper  induces  those  who  have 
pertinent  information,  in  regard  to  the  doubtful  points  that  have  to  be 
accurately  determined  before  the  question  can  be  decisively  answered, 
to  come  forward  and  give  it  to  the  i)ublic,  it  will  have  answered  one 
of  its  purposes. 
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DISCUSSION. 


George  S.   Morison,   Past- President,  Am.   Soc.   C.  E. — There  are  Mr.  Morison. 
some  features  in  Major  Symons'  report  and  in  the  author's  criticism 
which  seem  to  group  themselves  under  general  heads,  to  which  it  may 
perhaps  be  worth  while  to  briefly  refer. 

The  general  question  is,  How  shall  our  graiu  products  be  brought 
to  the  sea"?  That  is  the  principal  condition  which  has  brought  uji  this 
general  subject.  The  grain-producing  country  has  been  moving 
further  west  and  the  manufacturing  country  has  been  following  it, 
until  now,  in  the  older  grain-producing  country,  all  the  grain  pro- 
duced is  consumed  by  the  manufacturing  population,  so  that  at  pres- 
ent the  greater  i)ai-t  of  the  exported  graiu  is  raised  some  distance  west 
of  Lake  Michigan.  It  is  raised  in  a  country  much  of  which  is  as  near 
the  Crulf  ports  as  it  is  to  the  lake  ports,  and  from  all  of  which  it  has 
to  be  transported  by  rail.  Therefore  the  condition  to  be  faced  is  that 
in  which  the  trans^jortation  from  the  original  producing  area  will  cost 
about  the  same  if  taken  to  the  Gulf  as  if  taken  to  a  lake  port.  With 
the  present  conditions  in  the  Gulf  ports,  and  the  deeper  water  which 
has  been  obtained  in  the  last  few  years,  freight  rates  from  Gulf  ports 
are  very  much  lower  than  they  were  formerly.  In  order  to  continue 
to  take  our  export  grain  through  the  eastern  Atlantic  ports,  and  espe- 
cially through  New  York,  the  rates  from  lake  ports  to  European  ports 
must  be  made  about  the  same  as  from  Gulf  ports  to  European  ports. 
Now  this  is  bringing  inland  water  and  rail  transportation  between  the 
lake  ports  and  the  Atlantic  ports  down  to  conditions  of  greater  close- 
ness than  has  ever  been  done  before,  aud  it  becomes  necessary,  if  bus- 
iness is  to  continue  to  come  to  New  York,  to  eliminate  every  possible 
extra  charge. 

The  gi-eat  advantage  which  New  York  has  over  Gulf  ports  and  over 
nearly  all  other  Atlantic  ports  is  that  it  is  a  great  importing  port,  the 
other  jjorts  being  simjjly  exporting  ports.  New^  York  furnishes  car- 
goes for  the  ships  that  come  there,  aud  it  would  perhaps  be  more  correct 
to  say  that  it  is  a  market  for  cargoes  brought  by  ships  from  European 
ports,  which  can  therefore  afford  to  take  their  export  cargoes  for  a  less 
rate  than  cargoes  can  be  taken  from  other  ports.  This  is,  primarily, 
the  great  advantage  which  New  York  has  over  every  other  jjort. 

However,  New  York  has  its  disadvantages.  Ships  enter,  primarily, 
to  deliver  imported  goods,  almost  all  of  which  are  manufactured,  and 
these  goods  must  be  landed  at  places  from  which  they  can  be  dis- 
tributed among  the  warehouses  of  the  merchants  who  handle  them, 
thus  making  the  receipt  of  freight  the  first  object  in  the  harbor  accom- 
modations. In  the  other  ports,  which  are  all  based  upon  export 
trade,  a  ship  goes  alongside  of  an  elevator,  her  business  not  being  to 
deliver  a  cargo  of  manufactured  articles,  but  to  take  a  cargo  of  grain 
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Mr.  Morison.  and  get  out.  The  result  is  that  all  those  vessels  which  are  practically 
carrying  a  cargo  one  way  are  able  to  load  that  out-bound  cargo  for  a 
considerably  less  price  than  it  takes  in  New  York,  where  it  has  to  be 
lightered  and  transferred. 

Another  factor  is  that  grain  must  be  transported  to  New  York  over 
a  great  distance.  Practically  the  whole  lake-borne  grain  trade  is  now 
received  either  at  the  head  of  Lake  Michigan  or  the  head  of  Lake 
Superior.  The  grain  is  transported  on  the  lakes  in  large  cargo-carry- 
ing steamers  which  are  generally  loaded  to  14  or  16  ft.,  and  which  it  is 
exiJected  after  a  few  years  can  be  loaded  to  20  ft.  The  lake  harbors 
are  at  present  of  such  a  character  that  it  would  seem  out  of  the  ques- 
tion to  increase  their  capacity  to  over  20  ft. ;  in  fact — 20  ft.  seems  to  be 
a  limit  which  is  not  likely  to  be  passed.  These  lake  steamers,  bringing 
their  cargoes  to  the  transhipment  point,  which  is  generally  Buffalo, 
are  extremely  cheap  freight  carriers.  From  Buffalo  grain  is  carried  by 
rail  or  by  canal  to  New  York  and  there  again  transferred  to  steamers. 
This  method  of  transportation  necessarily  means  three  different  classes 
of  conveyance — the  lake  boat,  the  canal-boat  and  the  ocean  steamer. 
The  elements  of  cost  in  handling  this  business  may  be  stated  to  be  three 
— the  cost  of  actually  doing  the  work,  the  interest  on  the  investment, 
and  the  cost  of  transferring.  The  ocean  steamer  is  the  most  expensive, 
the  lake  steamer  is  the  medium,  and  the  canal-boat  is  the  cheapest  craft, 
according  to  their  respective  carrying  capacities.  So  far,  therefore,  as 
interest  on  investment  is  concerned,  the  less  the  ocean  steamer  is  used 
and  the  more  the  canal-boat  is  used,  the  less  this  cost  will  be. 

As  to  the  cost  of  operation,  i)er  ton  of  carrying  capacity,  it  probably 
does  not  differ  very  much  in  the  lake  boat  and  the  ocean  steamer, 
although  the  former  would  be  the  cheaper.  The  cost  of  operating  the 
canal-boat  would  necessarily  be  more  than  either  of  the  others, 
though  not  very  much  more.  However,  the  mere  cost  of  transporta- 
tion is  very  much  less  than  is  commonly  supposed;  very  little  doubt 
existing  that  wheat  could  be  taken  from  Buffalo  to  New  York  by  rail- 
road, being  received  in  fully  loaded  trains  and  delivered  in  the  same 
way,  for  very  little  more  than  1  cent  a  bushel,  for  the  simple  cost  of 
moving  the  train. 

The  other  two  items,  the  cost  of  the  transfers,  seem  at  present  to 
be  very  much  in  excess  of  their  proper  relative  values.  If  the  cost  of 
taking  a  bushel  of  wheat  from  Chicago  to  Liverpool  be  divided  into 
five  parts,  the  costs  of  lake  carriage,  of  transfer  at  Buffalo,  of  canal- 
carriage,  of  transfer  at  New  York  and  of  Atlantic  carriage,  and  if 
Avhen  that  division  is  made  the  cost  of  each  of  the  two  transfers  is  fully 
eqiial  or  perhaps  more  than  the  cost  of  either  the  lake  or  the  canal 
carriage,  it  seems  as  if  there  was  something  wrong.  It  has  often 
happened  that  the  cost  of  transfers  was  not  due  to  what  they  ought  to 
cost,  but  to  what  people  wanted  them  to  cost,  like  the  system  of  tak- 
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ing  toll  on  an  okl-fashiouod  turnpike— the  owners  of  the  turnpike  had  Mr.  Morison. 
the  right  to  take  it,  and,  of  course,  they  did.  It  cannot  be  expected 
that  the  people  wlio  handle  the  elevator  systems  and  the  various 
transfer  methods  at  Buffalo  will  do  it  for  three-quai'ters  of  a  cent  if 
the  business  is  able  to  pay  a  cent  and  a  quarter.  The  same  thing  is 
true  in  New  York  and  of  any  business.  But  if  this  transfer  could  be 
broken  up  at  Buffalo,  not  as  a  physical  fact,  but  as  a  matter  of  busi- 
ness, that  condition  might  be  entirely  changed.  At  present  the  jirin- 
cipal  inducement  to  construct  a  ship  canal,  which  will  bring  lake  car- 
riers from  the  lake  ports  to  New  York,  seems  to  be  to  avoid  the  ti'ansfer 
at  Butfalo.  The  chief  reason  for  constructing  a  colossal  canal  which 
will  enable  steamers  of  the  class  that  now  run  from  Liverpool  to  New 
York  to  continue  their  voyage  to  Chicago  is  to  avoid  the  transfers  at 
Buffalo  and  at  New  York. 

One  difficulty  which  at  present  prevails  in  shipjjing  by  lake  and 
canal  is  that  there  is  no  single  corporation  or  authority  whose  paper 
is  of  undoubted  value,  to  give  through  bills  of  lading.  At  present 
railroads  work  in  connection  with  lake  steamship  lines  which  they 
own.  The  reason  why  so  large  a  portion  of  the  steamship  business  on 
the  lakes  comes  by  rail  from  Buffalo  is  that  the  railroads  own  the  boats 
and  conduct  the  whole  as  a  single  line,  and  a  responsible  cori)oration 
gives  through  bills  of  lading  which  are  accepted  as  proper  security 
for  advances.  If  the  same  unity  of  interest  existed  in  water  lines  of 
ti'ansportation,  the  same  class  of  an  organization,  it  would  practically 
obviate  the  whole  difficulty  of  transfer.  Suppose  a  single  corporation 
operated  a  line  of  canal-boats  either  by  ownershij)  or  charter  between 
Buffalo  and  New  York,  and  operated  a  line  of  freight  carriers  between 
Chicago  and  Buffalo,  and  gave  through  bills  of  lading  from  Chicago  or 
Duluth  to  New  Y'ork,  is  it  not  probable  that  the  same  corporation 
would  find  some  method  by  which  the  cost  of  transfer  at  Buffalo  was 
reduced  from  a  cent  and  three-tenths,  or  the  present  rate,  to  something 
like, a  quarter  of  a  cent?  It  is  not  so  much  that  the  difficulties  of 
transfers  cannot  be  eliminated  as  that  the  existing  methods  and  intex*- 
ests  do  not  desire  to  eliminate  them. 

Perhaps  this  is  more  of  a  business  than  an  engineering  question, 
biit  engineering  certainly  extends  to  these  matters,  and  if  the  question 
came  up  on  a  purely  engineering  basis,  how  much  it  ought  to  cost  to 
carry  this  business  through,  there  is  little  doubt  that  methods  would 
soon  be  found  by  engineers  to  reduce  these  transfer  chai'ges  to  so 
small  an  amount  that  they  would  be  hardly  more  than  nominal  (in- 
stead of  forming  one-half  of  the  I'ate  from  New  Y'ork  to  Chicago).  This 
seems  to  be  the  x-eal  gist  of  the  subject.  What  is  wanted  is  w  ater  trans- 
portation with  as  small  an  expenditure  of  capital  as  is  necessary  to 
make  the  transportation  itself  cheap,  and  then  such  business  organiza- 
tion as  will  eliminate  the  cost  of  transfers. 
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Mr.  Morison.  The  cost  in  cents  of  transporting  a  bushel  of  grain  by  water  from 
Chicago  to  New  York,  including  the  transfer  to  ocean  vessels,  is  given 
by  Thomas  W.  Symons,  M.  Am.  Soc.  C.  E.,  for  four  different  methods 
of  transportation,*  which  may  be  analyzed  as  follows: 


Method. 

Lake 
freight. 

Buffalo 
transfer. 

Canal 
freight. 

New  York 
transfer. 

Total. 

Ship-canal.  7  000  tons  load 

Present      Erie      Canal,      6-boat 
fleets 

1.37  (p.  88) 

1.37 

1.37 
1.37 

2.28  (p.  81) 

2.41  (p.  83) 

1.41  (p.  85) 
0.91  (p.  86) 

1.27  (p.  88) 

1.27 

1.27 
1.27 

4  92 

1.30  (p.  82) 

1.30 
1.30 

6.35 

Improved     Erie     Canal,   6-boat 
fleets     

5.35 

Barge-canal,  4-boat  fleets 

4.85 

In  each  of  the  first  three  cases  the  more  economical  method  cited  by 
Major  Symons  has  been  selected,  in  the  fourth  case  the  less  econom- 
ical method  is  taken.  The  table,  therefore,  does  not  favor  the  barge- 
canal.  This  table  further  makes  no  provision  for  any  i^roflt  to  the 
canal  carrier  beyond  interest  on  investment  and  allowance  for  depreci- 
ation. If  the  transportation  charges  and  the  transfer  charges  are  sep- 
arated the  following  results  obtain: 


Transportation. 

Transfers. 

Total. 

Ship-canal,  7  000-ton  loads       .          

3.65 

3.78 
2.78 
2.28 

1.27 
2.57 
2.57 

2.57 

4.92 

Present  Erie  Canal,  6-boat  fleets 

6.35 

5.35 

4.85 

It  will  be  noted  that  by  the  barge-canal  the  transfer  charges  exceed 
the  cost  of  transportation.  Furthermore,  it  is  shown  that  the  cost  of 
transportation  is  greatest  on  the  shii^-canal  and  least  on  the  barge- 
canal.  The  New  York  jaort  charges  are  the  same  for  all  methods,  but 
everything  saved  on  the  transfer  charges  between  the  lake  vessels  and 
the  canal  barges  accrues  to  the  benefit  of  the  canal  route  and 
strengthens  the  argument  in  favor  of  the  barge-canal.  This  shows 
what  can  be  done.  It  would  seem  quite  possible  that  grain  can  be 
transported  from  Chicago  to  New  York  by  lake  and  the  barge-canal, 
including  an  economical  transfer,  for  2.5  cents  jjer  bushel,  or  83  cents 
a  tou,  covering  1  400  miles  of  water  transportation  at  a  rate  of  less 
than  six-tenths  of  a  mill  per  ton  per  mile.  To  meet  this  rate  the  rail- 
roads would  have  to  transport  on  their  more  direct  routes  for  about 
eight-tenths  of  a  mill  per  ton  per  mile.  The  cost  of  transportation 
from  Buffalo  only,  would  be  about  30  cents  a  ton,  or  three  quarters  of 
a  mill  per  mile,  if  carried  by  railroad.  If  this  can  be  accomplished, 
the  functions  of  the  canal  will  no  longer  be  those  of  a  regulator  of  rates. 


the 


*  Pp.  82-88  of  his  Report  which  correspond  to  pp.  3209-3215  of  the  Annual  Report  of 
Chief  of  Engineers  for  1897. 
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Edward  P.  North,  Vice-President  Am.  Soc.  C.  E. — The  thanks  of  Mr.  North. 
the  Society  are  due  the  author  for  the  very  careful  and  able  analysis 
of  the  data  in  hand  which  has  been  presented  to-ni<?ht;  particularly 
as  his  analysis  agrees  in  its  conclusions  with  observed  facts,  a  result 
not  always  reached  by  analogical  discussions. 

Exceptions,  however,  might  be  tak&n  to  the  statement:  "The 
Northwestern  States  are  vitally  interested  in  reducing  freight  rates  to 
Europe,  even  more  than  in  reducing  rates  to  home  markets,  since  the 
liome  price  of  produce,  which  is  exported  in  considerable  quantities, 
is  equal  to  the  price  in  the  principal  foreign  markets,  less  the  cost  of 
reaching  them."  Not  that  the  statement  is  incorrect,  but  that  in 
nearly  all  the  writings  on  this  subject  our  exi)ort  of  crude  agricultural 
produce  is  given  too  much  weight.  While  such  exports  form  a  valua- 
ble asset,  they  are  also  a  badge  and  sign  of  financial,  and  generally 
of  industrial,  inferiority;  the  country  living  by  such  exports  being  re- 
garded as  "  a  hewer  of  wood  and  drawer  of  water  "  for  the  countries 
consuming  their  i^roducts.  There  is  also  a  colonial  and  inferior  posture 
on  the  part  of  the  vending  toward  the  purchasing  community. 

Over  one  hundred  years  ago  Adam  Smith  pointed  out  that  when 
goods  were  raised  in  Great  Britain,  then  not  entirely  free  from  the  ex- 
portation of  raw  materials,  and  consumed  in  Portugal,  there  were  two 
capitals  employed  and  two  employments  given,  one  British  and  one 
Portuguese;  but  if  the  goods  were  consumed  in  Great  Britain,  both  of 
the  capitals  and  employments  were  British.  For  many  years  both  the 
cajjitals  and  employments  connected  with  consuming  or  advancing  our 
raw  products  were  foreign.  In  1860  the  value  of  our  exjjorts  of  manu- 
factured goods  was  but  little  over  ^40  000  000.  Ten  years  ago,  the 
fiscal  year  1888,  the  value  was,  in  round  numbers,  S130  000  000,  but  for 
the  last  calendar  year  it  was  very  near  .*B290  000  000.  These  figures 
will  probably  receive  as  great  an  increase  during  the  next  ten  years  as 
in  the  preceding  decade. 

It  seems  certain  that  we  will  continuously  increase  the  percent- 
age of  manufactured  goods  exported,  and  that  our  trade,  instead  of 
going  in  large  bulk,  with  small  profit  per  unit,  to  compete  at  foreign 
manufacturing  centers  with  the  raw  products  of  countries  with  a  low 
civilization,  will  more  and  more  be  directed  to  those  countries  which 
in  consequence  of  their  poverty  and  lack  of  manufacturing  organiza- 
tion are  forced  to  buy  at  a  high  price  per  unit.  Any  such  result  of 
our  manufacturing  activity  would  at  first  call  for  mixed  cargoes  and 
vessels  of  smaller  cajiacity  than  those  now  engaged  in  the  transatlantic 
trade.  And  with  a  competent  channel  between  the  sea  and  the  manu- 
facturing industries  on  the  lakes,  we  will  doubtless  be  able  to  develop  a 
class  of  vessels  available  for  navigation  on  both  salt  and  fresh  water. 

One  of  the  written  discussions  on  this  subject  is  based  on  the  general 
laws  of  political  economy  which  are  said  to  be  natural  laws,  as  inexorable 
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Mr.  North,  in  their  operation  as  the  law  of  gravity.  As  the  conclusions  reached 
are  of  great  moment  to  the  discussion  in  hand,  and  as  there  may  not 
be  general  acquiescence  in  the  speaker's  view  that  all  the  inexorable 
laws  of  political  economy  are  founded  on  the  method  of  assuming 
principles  and  ignoring  facts,  reference  is  made  to  the  very  able  report 
of  Major  Symons,  mentioned  in  the  paper  now  under  discussion, 
which  sets  forth  that  only  5.9%  of  the  cereals  grown  in  the  United 
States  are  exported,  that  only  58%"  of  the  grain  brought  to  the  six 
largest  exporting  ports  on  the  Atlantic  coast  is  sent  abroad,  and  only 
one-third  of  the  cattle  which  are  brought  to  the  four  cattle  exporting 
ports,  the  remainder  being  retained  for  home  consiimption. 

The  area  on  which  grain  can  be  grown  for  market  depends  largely 
on  the  cost  of  transportation,  but  the  transportation  of  grain  has 
been,  in  the  past,  a  greater  factor  than  all  others  in  the  development 
of  our  railroads,  and  an  important  factor  in  the  phenomenal  decrease  in 
our  freight  rates,  a  reduction  that  has  frequently  been  alluded  to  be- 
fore this  Society.  With  each  decrease  in  freight  rates  the  area  of 
profital)le  grain  raising  has  increased,  with  an  increase  in  railroad 
mileage.  Concurrently  the  consumption  of  manufactured  articles  by 
our  wheat  growers  has  built  up  and  supported  our  manufacturers, 
giving  farmers  a  near-by  market,  reducing  their  freight  bills,  both  by 
lessened  distance  and  a  lessened  rate  per  mile.  This  reduction  ajaplies 
to  the  94. 1%  of  grain  which  we  do  not  export,  as  well  as  to  that  ex- 
ported. Any  reduction  in  the  cost  of  transjDortation  due  to  an  en- 
largement of  the  Erie  Canal  for  export  pur^joses  would  influence  the 
entire  crop  and  be  divided  between  producer  and  consumer,  for  the 
decreased  cost  woitld  force  improved  methods  on  railroads  competing 
with  canal  traffic,  and  these  improved  methods,  as  heretofore,  would 
be  the  common  property  of  the  whole  country. 

In  any  market  the  price  of  a  commodity  will  depend  on  and  be 
governed  by  the  jDrice  of  the  dearest  poi'tion  of  that  commodity  find- 
ing open  sale  in  that  market.  Hence  if  we  can  cut  four  or  more  cents 
off  the  cost  of  marketing  our  wheat,  while  our  rivals  cannot  decrease 
the  cost  of  marketing  theirs,  our  producers,  and  not  foreign  consumers, 
will  have  the  sole  advantage. 

If  our  producer  was  to  receive  no  benefit  from  an  enlargement  of 
our  waterways  and  the  consequent  reduction  in  freight  rates,  excejjt  in 
the  cheapening  of  domestic  and  foreign  commodities  which  he  receives 
in  exchange  for  his  grain,  the  gain  would  be  too  small  to  warrant 
consideration. 

As  mentioned  above,  nearly  all  consideration  of  the  demands  for  a 
lower  freight  rate  between  the  lakes  and  seaboard  are  based  on  the 
transportation  of  grain,  which,  on  account  of  its  vahie,  and  the  ease 
with  which  it  can  be  transferred,  is  the  princiiJal  freight  of  the  Erie 
Canal.     Biit  in  spite  of  this  ease  of  transfer  it  forms  a  considerable 
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portion  of  tlio  cost  of  freight  between  Chicago  and  the  City  of  New  Mr.  North. 
York.  In  Table  No.  22  of  Major  Symons'  valuable  report,  it  will  be 
seen  that  for  the  five  years  ending  with  1896,  the  average  freight  charge 
per  bushel  of  wheat  by  lake  and  canal,  from  Chicago  to  New  York,  has 
been  0.059  cents.  Of  this  l.'M'tH  cents  were  net  rates  from  Chicago  to 
Buffalo,  and  3. 181  cents  between  Buffalo  and  New  York.  If  the  distance 
from  Chicago  to  Buffalo  be  taken  as  1  000  miles,  and  from  Buffalo  to 
New  York  as  500  miles  (150  miles  of  which  are  open  river),  it  is  seen 
that  only  the  insufficient  cross-section  on  less  than  25^  of  the  distance, 
and  the  transfer  charges  made  necessary  thereby,  i^revent  this  freight 
charge  being  reduced  to  2.052  cents  jier  biishel,  and  freight  should  go 
through  from  t-hicago  or  Duluth  to  New  York  for  less  than  $1  per  ton. 

Any  such  rediiction  would  probably  repay  the  country  each  year 
for  the  necessary  cost  of  a  canal  of  large  section.  There  would  be  the 
direct  payment,  in  a  higher  price  for  all  grain,  and  indirectly,  the  sav- 
ing on  freight  carried  through  the  canal;  18  982  755  tons  of  freight  were 
carried  through  the  Sault  Ste.  Marie  in  1897.  It  is  asserted  that  the 
average  cost  was  two-thirds  of  a  mill  per  ton-mile.  Assuming  an  aver- 
age length  of  voyage  of  800  miles,  the  saving  at  this  rate  over  an  equal 
haul  by  rail  at  8A  mills  would  be  nearly  -15119  000  000,  or  40^  on  all 
moneys  approi)riated  for  harbor  and  river  improvements  up  to  this  date. 
Ajjplying  the  above  rates  to  the  assumed  24  000  000  tons  carried  1  200 
miles,  which  is  less  than  the  average  voyage  through  the  canal,  the 
difference  between  the  two  woiild  be  .S225  600  000,  nearly  equal  to  the 
most  obstructive  estimate  made  of  the  cost  of  this  improvement. 

Claims  are  made  that  the  well-known  reductions  in  freight  rates 
are  entirely  due  to  improvements  in  our  waterways;  they  are  undoubt- 
edly concurrent  with  such  improvements,  though,  if,  at  the  same  time, 
railroad  rates  had  not  been  reduced,  the  volume  of  freight  offered  for 
transport  would  not  have  allowed  the  reductions  on  either  rail  or  water 
transportation.  A  generally  overlooked  value,  following  the  reductions 
of  freight  rates,  is  the  encouragement  they  afford  for  the  prodiiction 
and  transportation  of  low-cost  commodities.  One  of  the  most  marked 
instances  of  this  kind  is  cited  by  E.  S.  Wheeler,  M.  Am.  Soc.  C.  E. ,  for 
some  time  the  Assistant  Engineer  in  charge  of  the  United  States  Locks 
at  the  Sault  Ste.  Marie.  He  says  that  one-half  the  freight  passing 
that  point  is  not  valued  at  the  cost  of  railroad  freight  to  the  docks  at 
which  it  is  landed.  If  the  Lake  Superior  iron  ore  had  to  pay  European 
freight  rates  the  manufacture  of  any  large  amount  of  iron  and  steel 
in  this  country  would  be  an  economic  impossibility,  and  our  present 
large  employment  of  labor  and  capital  in  that  industry  would  be  lost 
to  this  country,  and  the  reduction  in  price,  which  has  resulted  from 
our  large  output,  would  be  lost  to  the  world. 

All  of  these  considerations  point  to  the  economic  advantages  pres- 
ented by  a  channel  of  communication  so  ample  and  capacious  that  not 
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air.  j»lorth.  only  at  present,  but  in  the  future,  the  traffic  between  the  West  and  the 
.seaboard  shall  meet  with  the  least  possible  resistance,  either  in  time 
(or  labor;  so  that  the  inevitable  cost  of  transportation  may  be  reduced 
to  a  minimum,  and  the  amount  transriorted  be  so  increased  that  an 
alternative  route  is  justified.  This  channel  should  end  in  New  York, 
because  as  shown  in  the  discussion  of  the  paper  by  T.  C.  Clarke,  Past- 
President  Am.  Soc.  C.  E.,*  the  market  presented  on  the  shores  of  the 
harbor  of  New  York  is  worth  more  to  the  western  farmer  than  all  the 
rest  of  the  world  outside  the  United  States;  also,  because  New  York, 
now  the  largest  manufacturing  center  in  the  world,  should  increase  the 
area  she  serves,  and  a  reduction  of  transportation  charges  for  her 
products  presents  the  only  certain  means  of  securing  this  end.  Or,  in 
other  words,  the  two  localities  of  largest  production  and  consumption 
should  be  united  by  the  cheapest  possible  transjjortation. 

Many  of  the  jjeople  inhabiting  the  State  of  New  York  oppose  such 
:a  channel.  This  opposition  found  official  utterance  in  a  rejiort  by  a 
State  Superintendent  of  Public  Works,  as  follows: 

"It  is  clearly  evident  that  the  duty  of  the  Legislature  v/ould  be  to 
provide  the  means  for  the  construction  of  the  largest  jjossible  canal, 
intended  for  the  navigation  of  boats  of  such  construction  as  will  be  able 
to  navigate  the  inland  waters  of  this  State,  discharging  and  receiving 
their  cargoes  at  Bi;flfalo  and  New  Y'ork,  or  other  intermediate  points." 

This  view  of  the  duty  of  the  Legislature  probably  had  its  origin  in 
the  fact  that  during  the  forty-five  years  preceding  1882,  Avhen  tolls  on 
the  canal  were  abolished,  the  State  exacted  !B120  331  937  in  tolls  on 
merchandise  passing  through  its  canals.  Notwithstanding  the  fact 
that  a  large  part  of  this  exaction  was  taken  from  the  incomes  of  those 
engaged  in  developing  the  West,  and  curtailed  the  development  of  the 
manufactures  and  commerce  of  New  York,  all  this  vast  sum  has  been 
regarded  as  clear  gain  to  the  State,  and  ^9  000  000  were  lately  voted 
ior  an  enlargement  of  the  canals  which  will  not,  when  completed,  ap- 
preciably enlarge  the  area  served  by  any  industry  in  the  State,  but 
as  then  estimated  by  the  Governor  would  allow,  abstracting  a  further 
«um  from  passing  traffic  through  elevator  charges  and  an  unnecessary 
freight  rate. 

Major  Symons,  in  the  report  already  referred  to,  thinks  he  has 
found  in  a  depth  of  12  ft.  and  in  barges  of  1  500  tons  capacity  an  ap- 
proximate solution  of  the  problem,  adding:  "  A  ship  canal  between 
the  Great  Lakes  and  the  ocean  would  have  no  military  value."  It 
would,  however,  apparently  have  a  considerable  naval  value  just  at 
present,  and  at  all  times  by  making  the  skill  and  capital  now  em- 
ployed in  shipbuilding  on  the  lakes  available  for  that  purpose  it 
would  facilitate  any  effort  to  control  our  own  appliances  for  conduet- 
.ing  Our  foreign  commerce.  As  there  is  no  place  at  present  where 
iships  can  be  built  at  so  small  a  cost,  either  in  money  or  labor,  as  on 
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the  lakes,  it  is  uot  improbable  that  the  value  of  shii)iiing  constructed  Mr.  North, 
there  woul.l  ainonut  to  .?50  000  000  in  some  years  if  convenient  access 
to  the  sea  could  be  had. 

It  is  evidently  expected  that  the  1  500-ton  barge  would  obviate 
elevator  charges  at  Buffalo.  This  may  be  doubted.  When  the  late 
Colonel  O.  M.  Poe,  M.  Am.  Soc.  C.  E.,  started  to  increase  the  depth 
of  lake  channels  to  20  ft.  (for  which  his  reward  was  a  si)lendid  monu- 
ment in  the  affection  of  the  people  and  in  the  increased  wealth  of  the 
country),  he  expected  to  cut  lake  freight  rates  in  two  by  increasing^ 
the  size  of  the  vessels  used  to  5  000,  and  even  7  000,  tons.  The  size  of 
new  vessels  has  closely  followed  the  lines  made  practicable  by  the  in- 
creased depth  of  channels.  An  increase  in  the  number  of  1  500-tott 
vessels  would  not  have  decreased  freight  rates  from  2.3  mills  to  two- 
thirds  of  a  mill,  and  the  large  vessel  will,  as  a  general  princii)le, 
come  as  far  east  as  the  depth  of  channel  Avill  allow. 

At  the  Cleveland  Deep  Waterways'  Convention,  September,  1895, 
President  Livingstone,  of  the  Lake  Carriers'  Association,  said  that,  on 
the  best  attainable  estimate,  from  35  000  000  to  40  000  000  net  tons  of 
freight  were  passing  through  the  Detroit  River,  "  of  which  two-thirds 
would  be  i)rimary  products  going  somewhere  for  manufacture."  The 
high  cost  of  transfer  into  even  1  500-ton  barges  will  effectually  i^revent 
any  portion  of  the  24  000  000  tons  of  jDrimary  products  going  some- 
where for  manufacture,  above  mentioned,  passing  into  the  interior  of 
the  State  or  to  the  City  of  Xew  York  for  manufacture.  And  any  estimate 
of  the  traffic  on  a  canal  of  large  section  based  on  the  traffic  now  in  sight 
will  be  as  misleading  as  that  based  on  the  ti'affic  between  Lake  Superior 
and  the  lower  lakes  before  the  first  locks  at  the  "Soo  "  were  built. 

The  effect  of  transfer  on  the  production  and  transportation  of 
commodities  of  low  value  is  shown  by  the  report  of  a  board  of  army 
engineers  aiJi^ointed  to  siirvey  the  Ohio  State  canals,  who  say:  "  The 
cost  of  once  unloading  and  reloading  a  cargo  of  coal  would  carry  it, 
at  the  rates  of  1894,  291  miles  on  the  Erie  Canal,  94(3  miles  on  the 
lakes,  or  1  060  miles  on  the  Ohio  River,"  or,  in  other  words,  nearly 
the  whole  length  of  the  lakes,  or  80%  of  the  length  of  the  canal, 
without  transfer.  Yet  it  is  proposed  to  handicap  the  industries  of 
the  State  by  the  expenditure  of  S50  000  000  for  the  construction  of  a 
canal  for  the  accommodation  of  boats  that  will  continue  to  discharge 
and  receive  their  cargoes  at  New  York  and  Buffalo.  Between  1887  and 
1897  the  lake  freights  were  rediiced  from  2.3  mills  to  0.67  mill  per  • 
ton  mile,  or  10%,  through  the  deepening  of  the  channels,  but  such 
advantage  is  to  be  denied  to  the  people  of  the  State  and  of  those  States 
to  the  west  of  us  that  4  or  5  cents  per  bushel  may  be  taken  from  the 
price  received  by  our  largest  customers  for  their  grain. 

A  belief  has  been  expressed  that  some  advantage  may  accrue  from 
having  the  main  or  arterial  canal  in  a  system  of  navigation  no  larger 
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Mr.  North,  than  possible  canals,  which  may  act  as  feeders.  This  was  not  the  plan 
adopted  by  the  German  engineers  when  improving  the  Main  between 
Frankfort  and  the  Rhine.  They  increased  the  depth  from  2^0  7]  ft., 
at  a  time  when  the  governing  depth  on  the  Rhine  was  6  ft.  The  re- 
sult has  been  that  the  freightage  on  the  Main,  which  for  1884-85 
averaged  150  660  tons,  increased  to  an  average  of  879  070  for  1895-96; 
for  the  same  periods  the  railroad  freights  at  Frankfort  increased  from 
880  522  to  1  688  260  tons.  In  the  meantime,  the  traffic  on  the  Rhine  has 
about  doubled,  and  that  river  is  being  deepened.  As  a  matter  of  fact, 
though  cars  of  different  gauges  cannot  be  successfully  run  on  the  same 
line  of  rails,  boats  of  different  capacities  can  be  operated  on  the  same 
water  course,  with  no  greater  disadvantage  than  the  higher  cost  per 
unit  in  the  smaller  boat. 

When  it  comes  to  the  economic  advantages  of  speed,  however,  as 
referred  to  by  the  author,  the  small  boat  has  a  widely  recognized  ad- 
vantage. This  is  shown  in  the  following  table,  taken  from  a  paper  by 
E.  H.  Stieltjes,  presented  at  the  Sixth  International  Inland  Naviga- 
tion Congress,  held  at  the  Hague,  1894,  which  gives  the  permissible 
speeds  on  various  canals  in  Holland  for  boats  of  different  drafts: 

Table  pkom  E.  H.  Stieltjes  Papek. 


Depths 
in  feet. 

Maximum  Speei 

IN  Miles 

PER  Hour  for  Single  Boats. 

Areas  in 

square 

feet. 

Draft  of  water  in  feet. 

Up  to 

3.28 

Up  to 

.f;92 

Up  to 
6.56 

Up  to 

§.3 

Up  to 

9.84 

More 
than 

9.84 

6.33 
7.38 
10.33 
13.12 
18. 
19.36 
19.85 
21.3 
24.4 
25.36 

7.46 

7.46 

5.6 

7.46 

9.3 

9.3 

9.3 

9.3 

9.3 

9.3 

5.6  to  4.86 
7.46 
5.6   to  4.66 
7.46  to  6.52 
9.3 
9.3 
9.3 
9.3 
9.3 
9.3 

7.46 

3.63 

6.52 

9.3 

7.46 

7.46 

9.3 

9.3 

7.46 

3.63 
5.6 
7.46  to  5.6 
5.6 
6.3 
5.6 
5.6 
5.6 

3.63 

4.66 
5.6  to  4.66 

5.6 
6.3  to  5.4 
5.6  to  4.66 
5.6  to  4.66 

5.6 

1  119 

1  417 
1  493 
3  092 

1  748 

4.66 

4.66 

5.4 

4.66 

4.66 

3  640 

5.6 

Note. — Where  the  area  of  cross-section  is  not  given,  the  canal  cited  varies  in  width. 

This  table  shows  that  it  is  only  on  canals  with  a  depth  of  18  ft.  or 
more  that  a  speed  of  9.3  miles  is  allowed  to  boats  having  approxi- 
mately the  draft  of  the  Erie  Canal  boats,  and  with  a  canal  having  the 
cross-section  proposed  by  Major  Symons  for  his  ship  canal,  viz., 
4  176  sq.  ft.,  and  the  same  regulations  as  in  Holland,  there  would  be 
nothing  but  a  lack  of  power  to  prevent  a  canal  boat  making  the  trii) 
from  Buffalo  to  New  York  in  two  days  and  a  half.  While  this  wouKl 
not  be  done  as  a  business  operation  by  a  freight  boat,  all  freight 
would  be  moved  on  such  a  canal  at  a  much  higher  rate  of  sjieed  than 
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at  present,  at  less  cost  aud  at  a  greater  ijrofit.    The  canal  woitld  also  be  Mr.  North, 
used  for  passenger  traffic  if  of  sufficient  cross-section.      Mr.  Stieltjes 
says    there   are    about  one  hundred  and    thirty   companies   or   con- 
tractors who  have  established  regular  passenger  steamboat  service  on 
the  Holland  canals  and  the  rivers  and  bays  they  connect. 

It  seems,  to  the  speaker,  unfortunate  that  the  author  of  the  paper 
under  discussion  did  not  more  thoroughly  investigate  the  advantages 
aud  disadvantages  of  the  Oneida  Lake  route. 

The  chief  physical  features  of  the  two  routes  as  given  in  Major 
Symons'  report  are: 

Differences  No.  of 

Miles.  in  elevation.  locks. 

Oneida  route 483  916  ft.  42 

Erie  Canal 496  555"  26 

Differences 13  361  "  16 

Percentage  of  difference.  ..2.7  65  61.5 

The  distance  via  the  Erie  Canal  will  be  modified  by  the  necessary 
change  of  location.  The  number  of  locks  given  is,  of  course,  tentative, 
but  there  i)robably  will  be  no  material  change  in  elevations.  It  should 
also  be  noted  that  the  Erie  Canal  route  has  only  226  miles  of  river  and 
canalized  rivers,  while  the  Oneida  Lake  route  has  31  miles  of  canalized 
and  132  miles  of  lake  navigation  which  is  rei^laced  by  a  canal  channel 
on  the  Erie  Canal  route.  These  two  last-mentioned  items,  with  a  pos- 
sible saving  of  Z%  in  distance  include  all  the  advantages  i^resented 
by  the  Oneida  Lake  route. 

On  the  other  hand,  the  route  cannot  be  considered  "  wholly  within 
the  United  States  "  without  some  stress  on  the  usually  accepted  mean- 
ing of  the  word  ' '  wholly. "  For  112  miles,  from  Olcott  to  Oswego  it  will 
be  in  waters  to  which  the  United  Kingdom  of  Great  Britain  and  Ire- 
land have  as  much  claim  as  the  United  States.  And  a  route  including 
Lake  Ontario  could  be  made  tributary  to  Montreal,  with  less  expense, 
either  for  construction  or  o^jeration,  than  to  New  York.  The  Can- 
adians understand  this  point  fully. 

Traffic  by  the  Oneida  Lake  route  has  to  overcome  65%"  more  ascent 
and  descent  than  by  the  Erie  route,  and  while  a  canal  by  the  last-men- 
tioned route  can  be  fed  entirely  from  Lake  Erie,  adding  a  much- 
needed  tribute  to  the  waters  of  the  Hudson,  the  Oneida  route  will 
either  have  to  pump  water  for  lockage  or  bring  it  from  Lake  Erie  on 
substantially  the  route  i^roposed  by  Elnathau  Sweet,  M.  Am.  Soc.  C. 
E.,  in  his  paper  urging  a  radical  enlargement  of  the  Erie  Canal  read 
June  10th,  1884. 

Assuming  that  freight  boats  will  pass  over  the  132  miles  of  lake 
navigation  at  the  rate  of  13  miles  per  hour,  the  time  expended  will 
be  ten  hours.  Assuming,  also,  that  an  equal  distance  in  the  canal,  to 
which  should  be  added  the  13  miles  bv  which  the  Erie  route  is  the 
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Mr.  North,  longer,  is  traversed  at  tlie  rate  of  5  miles  jjer  hour,  the  rate  on  the 
Suez  Canal,  twenty-nine  hours  would  be  expended,  or  nineteen  hours 
more  than  by  the  Oneida  route,  but  the  sixteen  additional  lockages 
Avould  occupy  from  thirty  to  forty-five  minutes  each,  so  that  the  entire 
saving  of  time  would  be  from  seven  to  eleven  hours  per  triii.  This 
is  about  Vd%  of  the  time  to  be  spent  in  the  canal,  or  6%  of  that  be- 
tween Chicago  and  New  York.  But  it  may  be  doubted  if  this  sav- 
ing of  time  would  compensate  for  unavoidable  delays  and  dangers 
connected  with  the  361  ft.  of  extra  lockage.  Besides  this,  none  of  the 
canal  boats  now  in  use  would  be  available  on  this  route,  but  would 
have  to  be  retained  on  the  old  State  canals. 

By  adopting  the  Oneida  route  the  traffic  of  the  Great  Lakes  and  the 
country  to  the  west  would  tend  to  develop  the  industries  of  the  St. 
Lawrence  valley.  The  well-established  manufacturing  industries  on 
the  banks  of  the  present  canal,  west  of  Rome,  would  be  starved  by 
cheaj)er  transportation  to  the  north  of  them,  to  which  they  would 
have  no  convenient  access,  and  the  possibility  of  building  wp  great 
shipping  points  at  the  heads  of  the  Cayuga  and  Seneca  lakes,  which 
would  afford  the  West  the  cheapest  possible  anthracite  coal  route,  will 
be  postponed  indefinitely. 

The  author  says,  "  the  question  can  only  be  settled  by  carefully 
analyzing  this  cost  "  of  transportation,  "  separating  it  quantitatively 
into  the  different  elements,"  etc.,  and  iwll  adhesion  is  given  to  the 
necessity  for  this  analysis,  but  it  is  suggested  that  a  survey  develop- 
ing the  different  routes  with  such  detail  as  to  allow  engineers  to 
make  a  responsible  estimate  of  the  cost  of  canals  by  different  routes 
and  of  different  prisms  is  more  desirable  at  present  than  an  analysis  of 
the  various  elements  making  up  the  aggregate  cost  of  transi^ortation. 

It  is  now  nearly  fourteen  years  since  Mr.  Sweet  read  his  paper 
before  this  Society  advocating  a  canal  large  enough  to  pass  the 
largest  vessel  then  navigating  the  lakes,  and  calling  public  atten- 
tion to  the  fact  that  such  a  canal  could  be  built  without  any  grade 
adverse  to  the  heaviest  part  of  the  traffic.  During  all  these  years 
not  one  cent  of  either  State  or  National  money  has  been  expended  for 
surveying  the  route  he  roughly  indicated.  However,  one  mixed  com- 
mission, ajipointed  and  paid,  as  to  the  interests  of  the  United  States, 
by  the  Government,  has  reported  as  to  alternative  routes,  both  through 
Lake  Ontario,  and  another  commission,  entii-ely  domestic,  is  now 
making  surveys,  with  no  official  right  to  examine  or  report  on  any  por- 
tion of  the  Erie  Canal  situated  in  the  State  of  New  York  west  of  Rome. 

As  the  cost  of  freightage  is  reduced  and  S2)eed  is  accelerated  in 
channels  of  largest  cross-section,  the  plan  of  taking  the  commerce  of 
the  country  ui)  and  down  a  marine  staircase  presents  a  possible  slight 
saving  in  time  of  transit,  but  its  adoption  would  ignore  the  benefits  of 
way  traffic,  and  result  in  developing  the  industries  of  a  foreign  country 


DISCUSSION   ON   ECONOMIC   DEPTH   FOR   CANALS.  297 

and  turning  back  the  i)rosi3erity  of  the  western  part  of  the  State.  Mr.  North. 
There  seems  no  stronger  argument  in  favor  of  a  canal  through  the 
State  of  New  York,  having  a  section  too  small  to  accommodate  the 
largest  boats  trading  on  the  lakes,  than  the  old  narrow-gauge  argument, 
that  the  people  could  be  induced  to  exjjend  their  money  more  readily 
for  an  insufficient  than  for  an  ample  and  commodious  imjjrovement. 

Emeksox  Foote,  Esq. — The  sjieaker  may  be  thought  very  radical,  Mr.  Foote. 
but  his  i^osition  is  based  on  many  years  of  personal  and  jn-actical 
experience  in  the  transjiortation  business  on  the  Erie  Canal.  With 
others,  he  successfully  introduced  and  operated,  in  a  commercial 
way,  the  train- barge  system  of  steam  towage  by  submerged  wire 
cables  on  the  Erie  Canal  between  Bxiflfalo  and  Utica;  using  the  jiresent 
caual-boats  without  any  expense  for  their  special  adaj^tation  to  that 
system,  and  at  the  same  cost  to  boatmen,  but  with  double  the  speed 
of  animal  power. 

These  relations  to  the  Erie  Canal  and  its  traffic  have  caused  this 
opinion:  That  while  the  improvements  made  by  the  expenditure  of  the 
S9  000  000  already  appropriated  and  the  S7  O.jO  000  additional  appro- 
priation necessary  to  complete  them,  in  accordance  with  the  i)lans  of 
the  State,  will  greatly  increase  the  capacity  and  facilities  for  moving 
the  present  and  future  tonnage,  yet  the  Erie  Canal,  as  constructed 
l^rior  to  these  imi^rovements,  was  an  adequate  means  of  transportation, 
between  the  lakes  and  the  seaboard,  at  a  cost  per  ton-mile  too  low  for 
in-ofltable  competition  by  trunk  railways. 

In  order  to  ascertain  the  capacity  of  the  Erie  Canal,  which  is 
limited  to  the  time  required  to  lock  a  canal-boat,  the  State  of 
New  York  made  a  24-hour  test  at  the  Alexandria  locks,  near 
Schenectady,  which  resulted  in  establishing  a  capacity  of  9  000  000 
tons  with  single  locks.  With  the  present  double  locks  the  cajjacity 
would  be  18  OOi)  000  tons.  The  substitution  of  drop  gates  for  the 
swinging  gates  now  in  iise  will  reduce  the  time  of  lockage,  deter- 
mined by  that  test  to  be  four  minutes  on  the  average,  to  two  miniites, 
and  increase  the  capacity  of  the  canal  to  36  000  000  tons. 

The  author  mentions  12  000  000  tons  as  the  business  that  might  be 
expected  soon  after  the  opening  of  the  proposed  12-ft.  canal,  which  is 
only  two-thirds  of  the  i^resent  capacity,  according  to  the  State  estimate; 
but  it  is  very  doubtful  if  such  an  enormous  volume  of  freight  would 
ever  accumulate  at  Buffalo  for  east-bound  canal  transportation,  or  that 
7  003-ton  barges,  much  less  1  500-ton  barges,  could  move  that  amount 
of  freight  in  the  usual  200  days  of  the  canal  season.  To  accomplish 
this  a  7  000-ton  barge  must  be  loaded  and  dispatched  every  three  hours 
each  day.  There  are  not  the  trunk  railway  facilities  at  Buffalo  to  ship 
east  2  000  freight  cars,  each  loaded  with  .30  tons  of  freight,  in  twenty- 
four  hours,  or  12  00000D  tons  during  the  season  of  canal  navigation. 

The  greatest  total  tonnage  ascending  and  descending  on  all  the 
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Mr.  Foote.  State  canals  in  one  season  was  6  673  370  tons  in  1872.  In  1896  the 
whole  number  of  tons  carried  was  3  714  894. 

Until  the  total  tonnage  ascending  and  descending  in  one  season  on 
the  Erie  Canal,  Buffalo  to  Hudson  River,  amounts  to  10  000  000  tons, 
the  canal  as  now  constructed  will  satisfy  any  demand  of  trade  between 
the  lakes  and  seaboard. 

The  i^resent  7-ft.  depth  of  the  Erie  Canal  is  ample  to  move,  by  the 
cable  system,  trains  of  ten  loaded  canal-boats,  each  of  240  tons 
capacity,  at  a  speed  which  allows  such  a  tow  to  leave  Buffalo  every 
two  hours,  amounting  to  28  000  tons  daily,  or  6  000  000  tons  during 
the  canal  season. 

The  query  suggests  itself  as  to  the  supply  of  water  needed  for  full 
banks  with  a  dej^th  of  12  ft.,  as  it  is  manifest  that  a  uniform  depth  of 
even  9  ft.  demands  almost  one-third  larger  supi^ly  than  the  present  7- 
ft.  depth,  with  which  depth  the  navigation  of  the  canal  is  at  times 
almost  suspended  for  want  of  water. 

The  canal  may  be  enlarged  as  contemplated  by  Major  Symons,  and 
the  depth  increased  to  12  or  24  ft.  with  a  100-ft.  prism,  but  its  then 
enormous  capacity  could  not  be  as  accei^tably  utilized  by  steam 
barges,  moving  at  the  speed  obtained  in  the  Suez  Canal,  of  only  7 
miles  per  hour,  as  it  could  by  the  proven  cable  system  of  steam  train- 
towage.  A  greater  speed  of  8  to  10  miles  jier  hour  may  be  obtained, 
and  more  tons  moved  in  a  canal  season  by  the  cable  system,  using 
canal-boats  of  reduced  tonnage,  than  by  the  larger  type  of  canal-boat 
now  in  use.  Speed  is  the  certain  element  in  canal  transportation 
which  increases  traffic,  reduces  the  cost  of  transportation  and  brings 
back  to  the  canal  large  quantities  of  freight  now  shijiped  by  rail 
because  of  quicker  transit. 

In  the  speaker's  ojiiuion,  the  needs  of  increased  trade  on  the  canal 
are  adequately  to  be  supplied  by  equipping  at  a  cost  of  $2  000  000, 
instead  of  .$30  000  000  for  a  shij)  canal,  the  present  Erie  Canal  with 
the  steam  train-towage  system.  It  is  cheaper  than  animal  power,  or 
the  locomotive,  and  ensures  a  speed  of  6  to  10  miles  per  hour,  using 
the  present  canal-boats. 

The  cable  system  should  be  supplemented  by  having  a  few  trans- 
portation companies  conduct  the  whole  business  of  the  canal,  issuing 
such  a  bill  of  lading  as  Mr.  Morison  mentions,  and  soliciting  trade  in 
the  East  and  West  as  is  now  done  by  railways. 

Above  all,  the  Legislature  of  the  State  of  New  York  should  cease 
enacting  laws  which  minimize  the  usefulness  and  value  of  the  canal, 
such  as  the  -IJSO  000  capital  limitation  of  the  transportation  companies. 
The  owner  of  one  canal-boat  using  animal  power  has  his  unjjrogressive 
interests  always  safe-guarded,  to  the  great  injury  of  those  interests 
which  will  make  the  Erie  Canal  as  now  constructed  of  great  jjublic 
iise  and  benefit. 
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CORRESPONDENCE. 


J.  P.  FiazELL,  M.  Am.  Soc.  C.  E. — Admitting  the  correctness  of  Mr.  Frizeii. 
the  author's  conchisiou,  that  a  28-ft.  system  of  navigation  would  affect 
a  saving  of  -4.61  cents  per  bushel  on  grain  from  Chicago  to  Liverpool, 
and  fTirther  admitting  the  doul)tful  projjositiou  that  the  saving,  coupled 
with  collateral  and  incidental  advantages,  would  pay  interest  on 
the  outlay  involved  in  such  a  system  of  waterways,  a  very  important 
question  as  to  the  feasibility  of  such  an  outlay  still  remains.  It  is  of 
an  economic  rather  than  an  engineering  character,  but  economic 
questions  have  to  be  considered  in  judging  engineering  j^ropositions. 
The  question  is:  Who  gets  this  4.61  cents?  The  western  producer  is 
enlisted  in  the  project  by  vociferous  assurances  that  he  will  get  it, 
and  the  eastern  consumer  is  jiromised  with  equal  confidence  that  he 
will  get  it.  In  point  of  fact,  who  is  benefited  by  this  reduction  in 
freights? 

It  must  be  assumed  that  this  subject  is  in  no  way  exempt  from  the 
operation  of  the  general  laws  of  political  economy.  The  i)roposition 
is:  To  diminish,  at  public  expense,  the  cost  of  American  grain,  as 
delivered  on  the  Atlantic  seaboard  and  in  foreign  countries.  The  econ- 
omic effect  of  such  a  measure  is  precisely  the  same  as  if  the  diminu- 
tion of  price  arose  from  the  introduction  of  improved  machines  or 
imjiroved  processes  of  cultivation.  It  is  well  known  to  political  econo- 
mists that  the  effects  of  such  improvement  are  of  the  following  three- 
fold character.  At  first  it  inures  wholly  to  the  benefit  of  the  producer 
and  raises  his  profits  above  the  general  level.  Second,  it  stimulates 
pi'oduction  and  attracts  capital  and  labor.  Third,  by  the  competition 
of  producers  in  the  market,  it  diminishes  prices  and  brings  the  pro- 
ducers' profits  back  to  the  normal  rate,  leaving  the  price  lower  ccpieris 
paribus,  by  the  exact  equivalent  of  the  improvement.  There  is  no 
reason  to  supjjose  that  the  results  will  be  exceptional  in  the  case  under 
consideration,  the  entire  benefit  of  the  reduction  passing  after  a  few 
years  to  the  consumer  in  the  form  of  lower  prices,  whether  in  this  or 
foreign  countries.  All  this  comes  about  by  the  ojjeration  of  natural 
laws  as  inexorable  as  the  law  of  gravity.  The  exi^euditure,  therefore, 
so  far  as  it  affects  the  price  of  grain,  ultimately  inures  wholly  to  the 
advantage  of  consumers,  and  not  at  all  to  that  of  producers,  except 
in  the  one  contingency  to  be  jiointed  out. 

As  regards  domestic  consumers,  it  may  reasonably  be  alleged,  that 
expenditures  made  for  their  benefit  are  not  thrown  away.  As  to  the 
foreign  consumers,  it  is  not  easy  to  see  why  this  Government  should 
spend  some  liuudreds  of  millions  to  enalde  them  to  buy  grain  cheaper, 
unless  there  is  reason  to  api>rehend  that  the  competition  of  other  grain- 
producing  countries  will  de2)rive  us  of  their  market.     In  such  ease  the 
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Mr.  Frizell.  expenditiire  would  be  of  advantage  to  American  producers  as  tending 
to  prevent  their  exijulsion  from  foreign  markets,  thongh  when  we  con- 
sider the  vast  territories  in  India,  Russia,  Siberia  and  Soiith  America 
capable  of  producing  grain,  it  is  manifest  that  an  advantage  of  4.61 
cents  per  bushel  can  cut  but  a  small  figure  from  that  point  of 
^^.ew.  Aside  from  this  consideration,  the  expenditure  can  benefit 
the  American  producer  in  no  way,  except  in  the  cheapening  of  the 
domestic  and  foreign  commodities  which  he  receives  in  exchange  for 
his  grain. 
Mr.  Symons.  T.  W.  Symons,  M.  Am.  Soc.  C.  E.  —Though  honored  by  the  author's 
review  and  criticism  of  the  writer's  report  on  the  subject  of  a  dee])  water- 
way between  the  lakes  and  tide-water,  the  reception  of  which  by 
the  engineering  and  business  world  has  been  so  gratifying,  the  writer 
cannot  agree  with  him  as  to  the  greater  advisability  of  building  an  18- 
ft.  canal  by  way  of  Lake  Ontario  instead  of  a  12-f  t.  canal  by  way  of  the 
Erie  Canal  route. 

The  writer  has  never  claimed,  felt  or  believed  that  his  report  em- 
bodied the  ultimate  Avisdom  in  this  canal  question,  but  always  exjjected 
that  it  would  be  subject  to  thorough  discussion  and  revision.  In  the 
report  advocating  a  barge-canal,  it  is  stated: 

"  It  is  not  to  be  iinderstood  that  the  size  of  barges  and  barge  canal 
mentioned  is  to  be  considered  as  definitely  fixed.  It  is  simply  taken 
as  a  type  of  about  the  size  which  would  be  the  most  economical  and 
advantageous.  There  are  business  reasons  which  would  indicate  that 
a  smaller  unit  than  a  1  500-ton  barge  would  be  jareferable,  and  others 
that  a  still  greater  enlargement  would  be  desirable.  A  careful  balanc- 
ing of  all  interests  would  be  required  to  fix  upon  the  most  advantageous 
size.  The  size  fixed  upon  in  this  report  is  to  be  regarded  as  a  first 
approximation  thereto." 

Time  will  not  permit  the  writer  to  discuss  the  author's  able  article 
at  length,  and  he  must  give  his  conclusions  and  impressions  more  fully 
than  the  reasons  upon  which  they  are  founded.  He  is  still  convinced 
that  the  greatest  good  to  the  greatest  number  will  be  attained  by 
constructing  along  the  Erie  Canal  route  a  barge-canal  of  about  the 
capacity  and  upon  the  lines  which  he  has  suggested  and  which  was  at 
an  earlier  day  suggested  for  enlargement  by  State  Engineers.  Eluathan 
Sweet  and  Horatio  Seymour,  Jr.  Such  a  work  will  give  a  fair  return 
for  the  money  invested,  which  a  larger  canal  will  not  do. 

The  size  of  the  proposed  canal,  with  a  dejsth  of  12  ft.  and  a  prism  of 
a  little  over  1  200  sq.  ft.,  is  about  as  large  as  would  be  practicable  on 
the  Erie  Canal  route,  for  the  boats  would  liave  to  return  uj)  light  many 
times,  and  the  attainable  headroom  under  bridges  is  limited,  and  the 
expense  of  culverts  and  other  structures  would  increase  enormously 
with  greater  depth.  It  is  also  believed  that  the  barges  specified  are 
about  as  large  as  can  be  practically  handled  in  pairs  through  the  canal 
and  locks. 
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The  author  has  devoted  himself  too  largely  to  theoretical  possibili-  Mr.  Symoas. 
ties,  not  giving  proper  consideration  to  conditions  which  exist  now  and 
which  will  exist  in  the  future,  and  to  which  everything  is  tending. 
It  is  in  a  high  degree  pure  theory  to  base  estimates  of  cost  of  trans- 
jiortatiou  on  a  loaded  ship  making  a  round  ti-ip  from  Buffalo  to  New 
York  and  back  in  7-h  days  and  maintaining  this  rate  throughout  the 
season.  To  base  estimates  upon  siich  a  proposition  would  be  about  as 
erroneous  as  to  base  calculations  regarding  railroad  transportation  on 
the  occasional  trial  trip  of  a  lightning  express. 

The  author  has  very  greatly  exaggerated  the  difficulties  and  expense 
of  transfer  at  Buffalo  and  New  York,  both  under  existing  conditions 
and  under  conditions  which  will  exist  in  the  future.  He  charges  to  the 
grain  cargoes  the  entire  cost  of  the  shijj's  detention  in  port,  which  is 
far  from  proper.  At  the  Port  of  New  I'ork,  during  1896  78%"  of  the 
grain  exported  was  shipped  as  berth  cargoes,  and  it  is  probable  that 
few  of  the  vessels  carrying  this  grain  were  appreciably  detained  in 
loading  it.  It  should  also  be  remembered  that  if  a  ship-canal  from 
Lake  Erie  to  New  York  existed,  lake  vessels  coming  down  from  Chi- 
cago or  Duluth  with  loads  destined  for  New  York,  would  ordinarily 
stop  in  Buffalo  long  enough  to  coal  up  for  the  trip  to  New  York  and 
back,  as  well  as  to  lay  in  other  supplies,  make  repairs,  etc.  The 
detention  for  this  cause  at  Buffalo  would  be  little  less  than  the 
detention  caused  to  the  vessel  by  unloading  a  load  of  grain  at  the 
Buffalo  elevators.  For  similar  pur})oses  it  would  stop  on  its  reti;ru 
trip. 

Probably  the  great  bulk  of  foreign  shipments  from  New  Y^ork  Avill 
in  the  future  be  almost  entirely  confined  to  berth  shipments  in  the 
enormous  freight-carriers  like  the  Pennsylvcmia,  Kaisei'  Wilhelm  //and 
ships  of  like  character,  capable  of  carr}  ing  from  20  OCO  to  30  000  tons 
and  drawing  30  It.  of  water  and  over,  and  that  the  business  of  the  lakes 
will  be  done  in  great  lake  steamers  drawing  18  to  20  ft.  and  carrying 
from  6  000  to  10  000  tons,  and  that  the  problem  is  really  limited  to 
determining  the  best  method  of  connecting  these  two  characters  of 
ships,  that  is,  transferring  the  cargo  of  the  big  lake  shij)  lying  in  a 
lower-lake  port  to  ocean  ships  lying  in  New  York  Harbor,  and  vice 
versa. 

The  best  and  most  economical  method  for  accomi^lishing  this  con- 
nection would  be  by  cheap  barges  suited  to  navigate  a  barge-canal 
built  along  the  general  line  of  the  Erie  Canal.  These  barges  coixld  be 
loaded  directly  from  the  lake  shii>  at  an  expense  which  should  not  ex- 
ceed i  cent  per  bushel,  and  be  transferred  directly  from  the  barge  to 
the  ocean  ship  in  New  York  at  an  expense  Avhich  should  not  exceed 
an  equal  amount,  i  cent  per  bushel,  and  with  little  delay  to  the  shii)S 
at  the  lake  or  ocean  port.  The  use  of  the  permanent  fixed  elevators 
at  either  end  would  be  avoided  for  the  great  bulk  of  the  traffic,  and 
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Mr.  Symons.  any  figures  which  have  l^een  given  as  to  the  ultimate  cost  of  trans- 
portation between  Chicago  and  Liverpool  would  be  greatly  modified. 

The  author  states  that  if  a  shiji-canal  existed,  facilities  for  loading 
and  unloading  would  be  provided  in  New  York,  at  least  as  good  as 
those  existing  in  Buffalo.  This  is  iDrobably  true  if  the  ship  from  the 
lakes  were  taken  to  a  fixed  permanent  elevator  to  be  unloaded,  but  in 
this  case  her  cargo  would  require  to  be  handled  a  second  time,  and 
the  extra  cost  of  storage  and  of  the  additional  handling  would  more 
than  make  up  for  the  advantages  of  quick  dispatch  gained. 

He  also  states  that  if  a  ship  canal  existed 

"  The  only  additional  time  required  for  the  round  trip  from  Chicago 
to  New  York  and  V)ack  instead  of  to  Buffalo  and  back,  would  be  the  time 
reqiiired  for  going  and  coming  from  Buffalo  to  New  York.  This  time 
with  an  average  sjjeed  in  canal  and  canalized  river  of  4  miles  and  a 
speed  of  13  miles  in  lake  and  river,  would  be  7  days  12  hours  and  not 
22  days  as  Major  Symons  estimates." 

Regarding  this  criticism  as  to  the  probable  time  of  making  a  trip 
by  ship  canal  from  Buffalo  to  New  York,  the  following  table  shows  in 
detail  the  Oswego-Mohawk  route  and  the  estimated  time  of  a  loaded 
ship  in  passing  the  same: 


Locality. 


Buffalo  to  Black  Rock 

Black  Rock  to  Tonawanda 

Niagara  Ship  Canal 

Lake  Ontario 

Oswego  River 

Oneida  River 

Oneida  Lake 

Oneida  Lake  to  Little  Falls 

Mohawk  River  to  Cohoes 

Cohoes  to  Troy 

Troy  to  New  York 


Character  of 
waterway. 


Canal. 

River. 

Canal. 

Lake. 
Canalized  river. 

Canal. 

Lake. 

Canal. 
Canalized  river. 

Canal. 

River. 


Miles  in 

Rate  per 

Time, 

length. 

hour. 

hours. 

4 

4 

1 

10 

10 

1 

25 

4 

6 

113 

10 

11 

21 

4 

5 

10 

4 

3 

20 

10 

2 

50 

4 

13 

73 

4 

18 

5 

4 

1 

153 

10 

15 

483 

76 

Locks. 


42 


Time  sailing 76  hours. 

Time  passing  through  locks,  42  locks,  A  hour  each 21      " 

97      " 

Suitable  allowance  must  be  made  for  delays  likely  to  occur,  head 
winds,  fogs,  storms,  passing  other  steamers  en  route,  waiting  for  other 
steamers  at  locks,  delays  resulting  from  sailing  during  dark  nights, 
passing  highway  and  railroad  bridges,  accidents  to  vessels,  locks, 
bridges,  etc. 

These  delays  may  be  safely  assumed  at  25%  of  the  total  estimated 
time  of  passage,  making  the  necessary  time  from  Buffalo  to  New  York 
or  vice  versa  121  hours,  or  a  little  over  5  days  for  a  single  trip,  or  10  to 
11  days  for  a  round  trip.  On  the  assumption  of  10  trips  per  season, 
half  of  the  time,  or  11  to  12  days,  would  be  spent  in  port.     It  is  be- 
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lieved  that  this  avouIcI  not  be  fouml  an  excessive  time  for  a  ship  to  Mr.  Symons. 
unload  and  load  in  New  York  harbor,  unless  it  were  willing  to  pay  addi- 
tional storage  and  transfer  charges,  which  AVOi;ld  probably  more  than 
make  up  for  the  delay  which  would  be  required  to  distribute  its  load 
and  receive  its  upload  with  the  least  possible  oiitlay  of  money. 

No  figures  based  upon  single  trips  are  reliable.  The  business  must 
be  extended  over  an  entire  season  to  arrive  at  anything  like  accurate 
conclusions,  for  it  must  be  remembered  that  business  does  not  always 
offer  to  ships  and  they  must  wait  for  it;  that  on  the  lakes  as  well  as 
elsewhere  ships  are  generally  built  m  excess  of  the  demand  for  ton- 
nage; that  the  flow  of  grain  and  all  i)roducts  is  intermittent,  and  that, 
with  the  best  of  arrangements  and  management,  ships  are  detained  in 
port  for  a  multijilicity  of  reasons. 

It  was  only  after  giving  a  full  and  careful  consideration  to  all 
these  items  that  the  writer,  in  making  his  estimates,  fixed  upon  10 
round  trips  per  season  between  Buffalo  and  New  York  as  a  fair  average. 

The  author  states  that  in  the  determination  of  the  most  economical 
method  of  transportation  between  the  Great  Lakes  and  Euroi?e  there 
are  three  alternatives  to  be  considered. 

"  Firsl. — Lake  steamers  on  the  lakes,  barges  on  the  canals  and 
river,  and  ocean  steamers  from  New  York.  This  method  ofters  the 
cheapest  transport  on  lakes,  canals  and  ocean.  It  requii'es  only  a 
cheap  canal  of  moderate  water-prism  between  Buffalo  and  Albany. 
*****  "jlje  delays  caused  by  transfers  make  this  the  slowest 
method.     It  probably  justifies  a  canal  12  ft.  deep. 

"  iSeoo/u/.  -Barges  on  the  lakes,  canals  and  near  sea  coasts;  ocean 
steamers  for  distant  sea  coasts  and  foreign  trade.  This  method  avoids 
all  transfer  m  Buffalo  and  a  large  part  of  it  in  New  Y'ork.  It  gives 
fairly  cheap  transport  on  the  lakes,  canals  and  along  the  sea 
coasts,  but  it  is  subject  to  heavy  costs  for  transfer  in  New  York  on  a 
part  of  the  traffic.  It  probably  requires  a  canal  16  to  18  ft.  deep  to 
make  it  most  economical. " 

Now,  in  reference  to  these  two  alternatives,  the  writer  is  unable  to 
see  why  the  first  will  not  give  in  a  reasonable  and  moderate  degree  all 
the  advantages  of  the  second.  By  a  12-ft.  barge-canal,  all  transfer  at 
Buffalo  may  be  avoided,  and  so  can  part  of  it  in  New  York,  as  barges 
which  will  be  thoroughly  safe  on  the  lakes  and  able  to  go  to  nearby 
seacoast  points  can  be  built  to  navigate  such  a  canal.  It  is  believed 
that  the  amount  of  freight,  directly  tributary  to  a  canal,  going  to  or 
emanating  from  sea  coast  points  beyond  New  York  would  not  be  very 
great,  and  the  thing  to  be  considered  is  the  freight  going  to  or  start- 
ing from  New  York  harbor. 

The  only  disadvantage  of  the  first  alternative  would  be  the  heavy 
costs  of  transfer  at  Buffalo,  and  the  delays  caused  by  transfer.  It  is 
practically  certain  that  these  disadvantages  are  largely  over-rated  by 
the  author,  and  that  they  will  exist  as  well  for  the  second  alternative 
as  for  the  first,  for  the  following  reasons: 
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Mr.  Symons.  The  second  alternative  would  require  lines  of  comparatively  small 
motorless  barges  on  the  lakes  to  run  in  opposition  to  the  great  lake 
freight  carriers  of  the  present  and  future.  Now,  it  is  a  fact  past 
dispute  that  these  large  lake  freighters  furnish  the  cheapest  deep, 
wide-water  transportation  known,  and  cheaper,  particularly,  on  the 
long  runs  to  Duluth  and  Chicago,  than  the  barges  jjroposed  by  the 
author.  Also,  that  there  will  always  be  an  enormous  business  on  the 
lakes  in  iron  ore,  coal,  etc.,  which  will  have  no  reference  to  a  ship- 
canal,  and  which  would  be  confined  entirely  to  the  lakes,  probably 
twice  or  thrice  the  magnitude  of  the  business  between  the  lakes  and 
the  ocean,  and  practically  all  of  which  would  be  carried  on  these  great 
lake  freighters.  Therefore,  on  the  lakes  there  will  always  be  a  large 
fleet  of  these  great  freighters  looking  for  business,  and  they  will  do  it, 
and  if  the  18-ft.  canal  were  built  the  effect  would  be  the  same  as  with 
a  12-ft.  canal;  the  products  of  the  Northwest  would  be  brought  to 
lower-lake  j^orts  in  the  lake  ships  and  there  be  transferred  to  barges, 
and  these  barges  would  be  taken  through  the  canal  to  New  York. 

The  small  canal  of  the  pi*esent  time  enables  fleets  of  steel  canal 
boats  to  run  to  Cleveland,  and  ordinary  wooden  boats  to  Erie.  A 
canal  accommodating  boats  of  five  or  six  times  the  cajjacity  would 
surely  enable  this  trafiie  to  be  extended  to  practically  as  great  an  ex- 
tent as  would  the  suggested  18-ft.  canal. 

The  smaller  barge-canal,  by  the  Erie  Canal  route,  would  have  the 
double  advantage  over  a  larger  barge-canal,  by  way  of  Lake  Ontario, 
in  that  it  would  cost  much  less,  and  that  the  barges  could  be  built 
much  lighter  and  cheaper,  plying  as  they  ordinarily  would  only  on 
the  canal  and  river.  There  is  another  practical  and  far-reaching 
advantage  in  adopting  a  smaller  over  a  larger  size  canal  which  should 
not  be  overlooked,  and  this  is  the  comparative  ease  and  inexpensive- 
ness  with  which  it  can  be  extended  into  various  portions  of  the 
country  adjoining  the  lakes.  It  is  safe  to  assume  that  an  18-ft.  canal 
will  cost  at  least  double  that  of  a  12-ft.  canal,  mile  for  mile,  and 
that  in  some  instances  a  12-ft.  canal  would  be  practicable  while  an 
18-ft.  one  would  not.  It  is  quite  reasonable  to  believe  that  in  the 
future  a  12-ft.  canal  might  be  built  to  connect  Lake  Erie  with  the 
Ohio  Eiver  at  Pittsburg  or  some  point  further  down ;  that  the  south- 
ern peninsula  of  Michigan  might  be  crossed  by  such  a  canal,  giving 
with  the  proposed  Erie  route  barge-canal  an  almost  straight  line 
between  Chicago  and  Albany,  and  that  many  other  canals  might  be 
extended  into  the  lake  States  and  to  the  Mississij^pi  River  system,  in 
and  along  which  1  200  to  1  500-ton  barges  could  be  loaded  and  taken 
directly  to  New  York  and  vice  versa. 

It  is  much  less  reasonable  to  believe  that  these  canals  wo\;ld  be 
built  to  a  depth  of  18  ft.  at  double  or  more  than  double  the  exiieuse, 
and  with  very  little  additional  advantages. 
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The  third  alternative  includes  really  two  alternatives:  Mr.  Symons. 

Fi7-st. — A  ship-canal  suitable  in  size  and  capacity  for  the  vessels  of 
the  lakes  to  ply  between  the  lakes  and  the  sea,  and 

Second. — A  ship-canal  and  conseqtiential  improvements  suited  for 
deei)-sea  vessels. 

These  two  jiropositions  are  quite  distinct,  the  first  involving  a  cost 
for  a  canal  of  approximately  8200  000  000,  and  the  second  involving 
a,  cost  for  a  canal  and  deepening  lake  and  interlake  channels  and 
harbors  of  jjrobably  ^400  000  000,  and  neither  proposition  is  believed 
to  be  worthy  of  serious  consideration  for  reasons  set  forth  in  the 
rejiort. 

The  author  does  not  quote  correctly  in  the  table,  page  274,  giving 
the  transfer  charges  at  Buffalo  and  New  York.  He  states  that  "ac- 
cording to  Major  Symons  "  the  transfer  charge  at  Buffalo  is  1.16  cents 
per  bushel,  and  in  New  York  1.50  cents  per  bushel.  The  figures 
should  be:  Buffalo,  1.30  cents,  and  New  York,  1.27  cents.  The  charge 
at  Buffalo  was  reduced  in  1897  to  1.27  cents. 

The  transfer  charge  at  Buffalo  is  made  up  of  three  items:  shoveling 
grain  to  the  elevator  legs,  elevating  and  storage  and  trimming.  The 
shoveling  charge  was  83.50  per  thousand  bushels  for  the  years  1895 
and  1896,  83. 25  i^er  thousand  bushels  for  the  year  1897,  and  for  the 
year  1898  it  has  been  reduced  to  82.95  per  thousand  bushels,  and  there 
a.re  indications  that  it  may  be  still  further  reduced.  Indeed,  the  cost 
of  transfer  in  all  items  may  be  materially  reduced  this  year. 

The  minimum  cost  of  transferring  100  000  bushels  of  grain  at 
Buffalo  and  at.  New  Y'^ork  has  been  about  .81  275  at  each  place.  A 
statement  that  the  cost  of  transferring  100  000  bushels  of  grain  from 
cars  to  ships  at  Philadelphia,  Baltimore  and  Newport  News  is  about 
8275,  or  a  little  more  than  \  of  a  cent  per  bushel  has  been  made.  If 
this  be  true  and  grain  can  be  transferred  from  cars  to  vessels  for  this 
cost  or  double  this  cost,  it  robs  the  author's  contention  and  estimates 
of  their  princii^al  remaining  j^oints,  and  emphasizes  the  advantages  of 
the  small  barge-canal. 

If  the  barge-canal  be  constructed,  combinations  of  lake  and  canal 
carriers  can  and  probably  will  be  formed  which  will  control  their  own 
transfer  agencies,  and  reduce  the  rates  of  transfer  to  something  like 
the  cost  of  similar  service  at  Philadelphia,  Baltimore  and  Newport 
News,  and  bring  back  to  New  Y'ork  the  grain  trade  it  has  lost. 

There  are  several  other  alternatives  beside  those  mentioned  in  the 
jjaper,  such  as  the  construction  of  a  ship  canal  to  Lake  Ontario  from 
Lake  Erie,  and  transferring  to  a  smaller  canal  at  some  Ontario  Lake 
jiort,  as  one  near  Kochester,  at  Great  Sodus  Bay  or  Oswego;  or  to  still 
further  extend  the  ship-canal  to  Oneida  Lake  and  make  the  port  of 
transfer  on  this  body  of  water.  Conditions  can  be  conjured  up  and 
arguments  made  in  favor  of  any  or  all  these  i^ropositions. 
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Mr.  Symons.  The  writer  still  believes  that  the  early  builders  of  the  Erie  Canal 
selected  the  best  general  route  for  a  great  commercial  waterway  be- 
tween Lake  Erie  and  the  Hudson,  and  that  to  build  a  barge-canal 
along  the  Erie  Canal  route,  with  such  modifications  and  of  about  the 
size  and  capacity  mentioned  in  the  report,  would  be  the  best  thing 
for  the  whole  country  tributary  to  the  Great  Lakes,  east  and  west. 
If  everybody  interested  would  jjull  together  this  end  could  be  at- 
tained. There  ai-e  strong  business  and  i)olitical  reasons  for  retaining 
an  established  highway;  improving,  enlarging,  cheaiaening  and  main- 
taining an  established  system  of  doing  business,  rather  than  building 
a  new  waterway,  and  attemjiting  to  establish  a  new  system  and  order 
of  things.  The  first  should  be  adopted  unless  the  superiority  of  the 
second  can  be  most  clearly  established. 
Mr.  Wisner.  Geo.  Y.  Wisnek,  M.  Am.  Soc.  C.  E. — The  factors  in  the  problem, 
which  the  author  has  discussed  in  his  very  interesting  paper,  must 
remain  largely  unknown  until  the  cost  of  imjaroving  the  lake  Avater- 
ways  and  of  constructing  canals  of  various  depths  from  the  lakes  to 
the  Atlantic  has  been  determined,  and  until  the  type  of  vessel  best 
adajjted  for  such  traffic,  its  cost  and  annual  expense  account  have  been, 
definitely  settled.  No  satisfactory  discussion  of  this  question  can  be 
made  until  there  is  known,  approximately,  the  cost  of  transportation 
from  Chicago  and  Duluth  to  the  seaboard,  in  difi'erent  types  of  ves- 
sels, through  channels  of  which  the  cost  is  known  for  the  depth  re- 
quired. Until  these  data  are  known,  the  advocates  of  any  particular 
route  or  type  of  canal  can  make  assumptions,  which  cannot  be  dis- 
proved, on  which  strong  arguments  may  be  based  in  favor  of  its 
adoj^tion. 

The  development  of  new  commerce,  arising  from  the  decrease  in 
cost  of  transportation,  is  the  most  important  feature  of  this  problem, 
and  any  solution  which  does  not  allow  for  such  development  may  re- 
sult in  a  useless  waste  of  public  funds.  In  other  words,  to  obtain  the 
maximum  benefit  from  future  improvements,  the  magnitude  of  our 
Avatei'ways  must  be  such  as  to  stimulate  commerce  and  manufactures 
to  the  fullest  extent,  and  to  care  for  the  resulting  increase  of  traffic  at 
a  minimum  rate  per  ton-mile. 

To  build  a  type  of  canal  adapted  only  to  present  needs,  as  has  beeu 
suggested,  with  the  expectation  that  the  increase  of  future  commerce 
may  require  the  construction  of  a  waterway  of  much  larger  propor- 
tions, would  not  only  be  a  waste  of  first  cost  of  construction,  but  also 
of  the  amount  which  would  be  required  for  increased  cost  of  right  of 
way,  due  to  valuable  vested  rights  along  the  route  where  the  canal 
would  have  to  be  constructed.  Possibly,  under  such  conditions,  an  en- 
tirely new  route  would  have  to  be  developed,  the  removal  of  structures 
and  the  enlargement  of  cross-section  interfering  with  traffic  to  such 
an  extent  as  to  prohibit  any  such  improvement. 
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If  a  ri-ft.  eauiil  will  uot  ho  suitable  for  handliug  the   future  com-  Mr.  Wisner. 
merce  of  the  West  aud  Northwest,  the  people  of  to-day  have  no  right 
to  entail  a  bonded  indebtedness  on  the  next  generation  for  a  structure 
for  which  they  mil  have  no  use. 

As  long  as  the  minimum  cost  of  transijortatiou  is  secured,  the  ques- 
tion whether  the  products  of  the  West  and  Northwest  are  to  have  an 
outlet  to  foi'eigu  markets  thi-ough  New  York,  or  by  way  of  the  Gulf 
of  Mexico,  does  not  concern  the  general  Government. 

New  York  State  built  and  maintained  the  Erie  Canal  for  the  pur- 
pose of  securing  the  benefits  arising  from  domestic  and  foreign  trade 
through  the  State,  and  cannot  afford  to  lose  the  sui^remacy  thus  gained 
by  allowing  the  control  of  her  canals  to  pass  into  other  hands, 
neither  can  the  general  Goveimment  aflford  to  expend  millions  on  such 
water  routes,  unless  best  adapted  for  developing  the  commerce  of  the 
country. 

Lagislation  in  Congress,  thus  far,  has  been  for  estimates  of  the  cost 
of  waterways  of  sufficient  capacity  to  transport  the  tonnage  of  the 
lakes  to  the  sea,  but  there  are  grave  doubts  as  to  whether  a  canal  can 
be  economically  constructed  on  the  present  Erie  Canal  i*ight-of-way  of 
such  cross-section  as  to  allow  of  the  rapid  movement  of  such  vessels. 
A  retrograde  movement,  as  to  the  character  of  the  future  steamshij) 
on  the  lakes,  cannot  meet  with  any  consideration  by  shippers,  and 
the  question,  therefore,  practically  becomes:  Would  a  ship-canal  be 
preferable  to  a  barge-canal  with  transfers  at  Buffalo  ? 

It  is  an  established  fact  that  the  large  modern  steamshii?  can  carry 
freight  with  profit  for  a  rate  less  than  the  cost  of  transport  on  the 
older  type  of  small  vessels,  which  fact  has  led  to  strong  complaints 
on  the  jjart  of  ship-owners  that  the  improvement  of  waterways  by  the 
general  Government  results  in  injury  to  the  owners  of  small  vessels. 
Hence,  whatever  the  depth  fixed  for  canals  and  waterways  in  the 
future,  the  limits  should  be  definitely  settled  at  as  early  a  date  as  pos- 
sible, and  all  tentative  plans  strictly  prohibited. 

Major  Symons,  in  his  recent  able  report  on  a  ship-canal  from  the 
Great  Lakes  to  the  Hudson  River,  arrives  at  the  conclusion,  that,  with 
steamers  of  16-ft.  and  20-ft.  draught  in  a  ship-canal  of  24  ft.  depth, 
the  cost  to  transport  a  bushel  of  wheat  from  Chicago  to  New  York 
would  be  respectively  4. 18  cents  and  3.65  cents.  The  author,  with 
exactly  the  same  data,  shows  that  these  amounts  should  be  only  2.46 
cents  and  2.20  cents;  and,  in  doing  so,  finds  that  the  cost  of  transport 
between  Buffalo  and  New  Y'ork  would  be  over  50%  greater  than  it  is 
between  Chicago  and  Buffalo,  when  the  actual  time  of  passage  would 
bs  less.  If  the  author  is  correct  in  his  analysis,  the  actual  coat  of 
transport  of  a  bushel  of  wheat  from  Chicago  to  New  Y'^ork  would  be 
less  than  1.8  cents;  and,  in  fact,  with  a  properly  constructed  modern 
canal,  it  is  equally  easy  to  show  that  the  cost  should  not  exceed  1.5 
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Mr.  Wisner.  cents;  but  the  only  known  factor  in  the  whole  question  being  the  pres- 
ent cost  of  transportation  between  Chicago  and  Buffalo,  and  the  time 
from  Buffalo  to  New  York  being  less  than  for  the  lake  trip,  it  is  fair  to 
infer  that  the  cost  for  the  entire  trip  would  be  less  than  twice  that  of 
present  cost  to  Buffalo. 

Considering  the  present  condition  of  the  lake  waterways,  and  that 
the  construction  of  a  shij^-canal  presujiposes  the  improvement  and 
regulation  of  the  lake  channels  to  corresijoud  in  depth  with  whatever 
canal  section  may  be  adopted,  there  are  good  reasons  to  believe  that 
the  time  estimated  for  making  the  through  trip,  and  consequently  the 
cost  per  ton-mile,  will  be  much  less  than  given  in  the  paper. 

The  author  is  mistaken  in  estimating  the  motive  power  required 
for  a  steamer  in  a  canal  as  only  one  thirty-fourth  that  required  by  the 
same  vessel  for  an  economical  speed  on  the  open  lake.  In  a  canal  con- 
structed in  accordance  with  the  requirements  of  large  traffic  and  rapid 
transportation,  the  sj^eed  that  could  be  economically  maintained 
would  depend  on  the  relative  cross-sections  of  the  ship  and  canal,  and 
the  amount  of  motive  power  required  in  a  canal  would  be  many  times 
more  than  that  mentioned. 

The  fact  that  large  steamers  can  carry  freight  on  the  lakes  at  a 
much  lower  rate  than  small  vessels,  and  that  barges  of  only  10-ft. 
draught  cannot  safely  navigate  the  lakes  during  the  stormy  season 
without  great  loss  of  time,  will  necessitate  the  transfer  at  Buffalo  of  a 
large  amount  of  through  freight  in  case  the  barge-canal  project 
should  be  adopted. 

In  order,  theref oi'e,  that  such  a  route  should  be  free  from  any  ob- 
jection arising  from  a  monopoly  of  canal  transportation,  it  will  be 
necessary  for  each  line  of  barges  on  the  canal  to  control  a  steamship 
line  on  the  lakes,  so  as  to  make  through  bills  of  lading  between  the 
lake  ports  and  the  seaboard.  Without  such  arrangement,  it  is  dotibt- 
ful  whether  the  improved  Erie  Canal  would  carry  a  ton  more  freight 
annually  than  is  transported  over  that  route  under  present  conditions. 
That  the  proposed  water  route  may  accomplish  the  purjjoses  desired, 
all  transportation  lines  must  be  able  to  reach  the  freight  and  manu- 
facturing centers  with  equal  facility,  and  there  are  grave  doubts 
whether  this  can  be  secured,  except  by  a  through  waterway  from  the 
lake  cities  to  the  seaboard,  and,  if  necessary,  to  foreign  ports. 
Mr.  Le  Conte.  L.  J.  Le  Conte,  M.  Am.  Soc.  C.  E.  —The  lake  coast  line,  beginning 
at  Pigeon  River,  and  extending  easterly  along  the  American  shore,  in- 
cluding both  sides  of  Lake  Michigan,  and  continuing  to  Oswego,  N.  Y., 
comprises  approximately  2  240  miles,  or  is  greater  in  extent  than 
the  entire  Atlantic  sea-coast  of  the  United  States. 

The  average  citizen  does  not  realize  that  on  the  chain  of  lakes  the 
total  annual  tonnage  cleared  from  all  the  collection  districts,  exclusive 
of  Canadian  bottoms,  is  fairlv  estimated  to  be  45  000  000  tons,  carried 
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by  60  000  vessels.     This  iJi-otligious  volume  of  lantl-locked  commerce  is  Mr.  Le  Conte. 
demanding  an   outlet   on   the   Atlantic  Coast.     History  shows   that 
■whenever  such  a  great  public  necessity  arises,  an  intelligent  commu- 
nity   will   always    provide   a   proper   remedy,   regardless  of   adverse 
pressure. 

The  great  question  then  becomes:  What  is  the  most  practicable  solu- 
tion of  the  problem  presented  ?  The  writer  thinks  that  the  splendid 
fleet  of  steamers  now  navigating  the  chain  of  lakes  cannot  be  excelled 
as  freight  carriers  by  any  ocean  steamers  of  like  draft — say  20  ft. 
To  accommodate  the  entire  lake  fleet  of  carriers  he  would  there- 
fore advocate  a  24:-ft.  canal  direct  to  New  York  City  and  the  Atlantic 
coast.  Exports  could  jjreferably  l)e  transferred  at  New  York  to  mam- 
moth deep-sea  carriers  of  30-ft.  load-draft  destined  for  European 
ports;  these  30-ft.  carriers  not  being  able  to  compete  with  the  speedy 
lake  fleet,  even  on  a  deep-water  canal,  disregarding  the  extra  cost  and 
practicability. 

Above  all,  the  2J:-ft.  canal  should  be  wide  enough,  because  in  busy 
seasons  width  is  far  more  important  to  free  navigation  than  extra 
dejith.  The  author's  estimate  of  possible  speed — 4  miles  per  hour — 
is  too  low,  there  being  no  good  reasons  for  doubting  the  possibility  of 
obtaining  a  speed  of  7  to  8  miles  per  hour  on  a  commodious  24-ft. 
canal.  Many  of  the  smaller  tidal  rivers  are  practically  shiis-canals, 
and  several  are  now  safely  navigated  at  a  speed  of  8  miles  per  hour. 
The  wash  of  the  banks  has  not  been  a  matter  of  great  moment,  and  in 
fresh  waters  this  difficulty  can  be  controlled  by  natural  growths  of 
various  kinds. 

Calculations  relating  to  the  financial  details  of  this  great  problem 
are  all  misleading  and  of  little  weight,  for  the  reason  that  they  fail  to 
touch  upon  the  largest  and  most  important  factor  in  which  the  public 
is  interested — the  great  indirect  benefits  which  always  accrue  to  the 
commonwealth  by  reason  of  the  great  expansion  of  the  field  of  oppor- 
tunities for  commercial  development.  The  Holland  canals  show  conclu- 
sively that  the  public  benefits  derived  through  the  enlargement  of  the 
smaller  canals  are  always  in  excess  of  the  most  sanguine  estimates 
made  by  experienced  men.  The  lowering  of  freight  rates  swells  the 
volume  of  the  annual  tonnage  movement  to  such  an  extent  as  to  make 
an  extravagant  estimate  seem  conservative  when  compared  with  the 
results  obtained  by  subsequent  development.  The  past  history  of 
the  Suez  Canal  or  of  the  Sault  Ste.  Marie  Canal  controverts  any  doubt 
in  this  regard,  and  a  study  of  the  subject  will  throw  a  flood  of  light 
on  all  sixch  predictions. 

L.  F.  Vernon-Hakcourt,  Esq. — The  conditions  of  the  transport  of  Mr.  Vfrnon- 
wheat  from  the  Northwestern  States  of  America  to  Europe  by  water     ^"^'^"**^- 
are  peculiar,  for  the  transit  has  to  be  eff'ected  first  on  the  Great  Lakes, 
then  by  canal  and  river  from  Buffalo  to  Albany  and  New  York,  and. 
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Mr.  Vernon-  la.stly,  across  the  ocean.  Transport  by  water  for  long  distances  is  so 
arcour  .  ggQQomical  in  comparison  with  conveyance  by  railway,  that  the  wheat 
from  Manitoba  and  the  west  of  Canada,  which  is  carried  from  Winni- 
peg to  Lake  Superior,  is  largely  diverted  to  the  lake  navigation  at  Fort 
William  and  Port  Arthur,  in  spite  of  the  necessity  for  transhipment, 
so  that  the  doubling  of  the  line  of  the  Canadian  Pacific  Railway  V)e- 
tween  Winnipeg  and  Port  Arthur  is  in  contemplation  to  provide  for 
the  heavy  traffic  eastward  in  the  autumn;  whereas  to  the  east  of  Port 
Arthur,  the  single  line  am^jly  suffices.  The  connecting  canals  provid- 
ing navigable  waterways  between  the  lakes,  and  to  deep  water  in  the 
St.  Lawrence  near  Montreal,  have  already  been  given  a  depth  of  14  ft. ; 
and  on  the  completion  of  the  new  Soulanges  Canal  in  a  year  or  two, 
there  will  be  throughout  an  available  navigable  dejith  of  14  ft.  from 
Lake  Sujaerior  to  Montreal,  enabling  the  wheat  from  the  western  pro- 
vinces to  be  conveyed  by  water  in  large  barges  from  Fort  William  or 
Port  Arthur  to  Montreal  without  transhipment. 

Transjaort  by  water  from  Chicago  to  New  York  and  the  eastern  sea- 
board is  at  present  conducted  at  a  serious  disadvantage,  owing  to  the 
available  dejith  of  only  7  ft.  in  the  Erie  Canal,  which  is  being  slowly 
increased  to  9  ft. ;  and  this  waterway  will  contrast  very  unfavorably 
with  the  Canadian  waterways  connecting  Lake  Superior  with  Montreal 
as  soon  as  the  Soulanges  Canal  is  opened  for  traffic.  The  traffic,  in- 
deed, on  the  Erie  Canal  is  much  greater  than  that  which  has  as 
yet  passed  through  the  Welland  and  St.  Lawrence  canals,  with  an 
available  dei>th  of  9  ft. ;  but  the  traffic  on  the  Erie  Canal  has  exhibited 
a  remarkable  diminution  in  the  last  quarter  of  a  century,  whereas  the 
traffic  through  the  Welland  Canal  has  increased  slightly  during  the 
same  period,  and  the  through  traffic  to  Montreal,  though  compara- 
tively small,  has  augmented  greatly  since  1881.  It  therefore  appears 
that  while  there  is  a  good  prospect  of  a  great  increase  of  traffic  by 
water  from  Lake  Superior  to  Montreal  when  an  available  depth  of  14 
ft.  shall  have  been  secured  throughout,  the  railways  will  jirobably 
more  and  more  draw  away  the  traffic  by  water  between  Buffalo  and 
New  York,  unless  an  improved  waterway  is  provided  between  Lake 
Erie  and  the  Hudson  River. 

Thos.  W.  Symons,  M.  Am.  Soc.  C.  E.,  in  a  rei)ort  from  which  the 
author  seems  to  have  derived  some  valuable  statistics,  has  proposed 
the  enlargement  of  the  Erie  Canal,  affording  an  available  dej^th  of  12 
ft. ,  and  rendering  it  suitable  for  barges  of  1  500  tons.  Considering, 
however,  that  the  Canadian  government  has  deemed  it  necessary  to 
provide  a  greater  dei)tli  than  12  ft.  for  the  traffic  by  water  from  the 
Great  Lakes,  and  that  the  Erie  Canal  formerly  possessed  a  very  large 
traffic,  it  seems  that  a  depth  of  12  ft.  would  not  be  sufficient  to 
afford  access  for  a  suitable  class  of  large  barges,  or  to  comi^ete  etiect- 
ually  with  the  railways  and  regain  the  lost  traffic.     Some  of  the  cities 
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on  the  Great  Lakes  have  the  ambition  to  become  seai^orts,  which  Mr.  Vernon- 
would  necessitate  the  construction  of  shiji-canals  with  an  available  depth 
of  about  28  ft.  from  Oswego  to  Albany,  in  place  of  the  Erie  Canal,  and 
Tjetween  Lake  Ei'ie  and  Lake  Ontario,  and  also  the  further  enlargement 
of  the  St.  Clair  and  Sault  Ste.  Marie  canals  and  the  deepening  of  the 
lake  harbors;  bat  the  great  cost  of  works  of  this  magnitude  and  the  ex- 
penditure involved  in  an  ocean-going  vessel  having  to  navigate  a  great 
length  of  canal  at  a  slow  speed,  appear  to  render  this  solution  of  the 
problem  of  through  ti-ansport  inexpedient  on  economical  grounds,  not- 
"withstanding  the  saving  effected  by  dispensing  with  transhipment.  The 
proper  expedient  appears  to  be  the  adoption  of  a  middle  course,  by  the 
oonstruction  of  connecting  canals  of  sufficient  depth  to  accommodate 
large  barges  suited  for  traversing  the  lakes,  for  which  the  Sault  Ste. 
Marie  and  St.  Clair  canals  are  already  adajited,  and  thereby  enabling 
bulky  produce  to  l)e  conveyed  economically  by  water  from  the  furthest 
points  of  Lake  Michigan  and  Lake  Superior  to  New  York  without 
transhipment.  This  arrangement,  though  necessitating  transhipment 
into  ocean-going  steamers  at  New  York  for  cargoes  destined  for  Europe, 
enables  New  York  and  the  cities  of  the  eastern  seaboard  to  be  sup- 
IJlied  direct  from  the  West;  it  enables  the  tractive  force  to  be  adapted 
to  the  portion  of  the  route  traversed,  thereby  avoiding  the  waste  in 
traction  resulting  from  the  passage  of  an  ocean-going  steamer  through 
a,  canal;  and,  according  to  Table  No.  1,  it  affords  the  most  economical 
method  of  transportation  between  Chicago  and  Liverpool.  If  such  a 
■waterway,  with  an  available  depth  of  18  ft.,  is  constructed,  there  is 
every  prospect  that  a  large  traffic  would  again  be  attracted  to  the 
water  route,  and  that  the  cost  of  transport  between  the  Great  Lakes 
and  New  York  would  be  materially  reduced. 

T.  C.  Keefer,  Past-President,  Am.  Soc.  C.  E.  — The  title  which  the  Mr.  Keefer. 
author  has  given  to  his  valuable  jDaper  is  in  connection  with  the  con- 
sideration of  the  most  economic  canal  between  the  Great  Lakes  and 
the  Atlantic  ;  where  (as  in  the  case  of  the  Suez  Canal)  the  economic 
depth  should  be  that  which  covers  all  the  conditions  of  the  traffic  and 
the  route.  In  the  writer's  judgment  there  is  no  other  route  where 
the  greatest  practicable  depth  is  more  needed  ;  and  that  depth,  there- 
fore, should  be  the  economic  one,  and  be  determined  by  the  ulti- 
mate depth  attained  in  the  river  connections  between  Lakes  Erie  and 
Superior. 

There  are  half  a  dozen  cities  on  the  lakes  above  Niagara,  which 
have  already  attained  a  population,  and  a  commercial  and  manufactur- 
ing position,  fitting  them  to  become  seaports,  which,  as  the  author 
remarks,  they  desire  to  be.  They  have  the  largest  tonnage,  and  some 
the  highest  average  per  ton  on  the  continent  ;  and  of  necessity  build 
their  own  vessels,  of  the  best  matei-ial  and  construction,  from  steel 
manufactured  upon   the  spot.     These  .steamers  are  increasing  their 
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Mr.  Keefer.  dimensions  as  rapidly  as  increased  depth  is  given  to  the  rivers  con- 
necting the  lakes.  The  greater  part  of  this  land-locked  fleet  could 
readily  be  adapted  to  any  service  if  released  from  its  Avinter  imprison- 
ment ;  and  a  most  imjaortant  consideration  for  its  builders  is  that  the 
yards  which  have  turned  out  such  steel  vessels  as  are  now  found 
upon  Lake  Erie,  can  successfully  compete  with  the  world,  whenever 
they  are  enabled  to  "  deliver  the  goods." 

The  author  estimates  that  a  saving  in  transportation  charges  of 
4.61  cents  per  bushel  of  wheat  would  follow  the  construction  of  a 
canal  28  ft.  in  depth,  which  is  the  ultimate  depth  recommended  by 
the  United  States  International  Commission  of  1895.  The  inference 
to  be  drawn  from  the  report  of  that  commission  is  that  all  structures 
should  provide  for  this  depth,  and  the  rest  of  the  canal  be  governed, 
at  first,  by  the  depth  attained  in  the  lake-connecting  rivers. 

A  saving  of  4.61  cents  per  bushel  on  the  grain  and  products  of 
grain  received  at  Atlantic  ports  north  of  the  Chesapeake  alone  would 
equal  the  interest  on  a  sum  of  over  i$300  000  000.  Other  agricultural 
products,  provisions,  cured  meats,  cheese,  butter  and  lard,  would 
share  equally  in  the  reduced  rates,  and,  therefore,  be  enhanced  in 
value,  while  the  export  of  coal,  coke,  ore,  iron  and  steel  and  their 
manufactures  (especially  ocean  steamers)  would,  most  of  them,  only  be 
possible  through  an  adequate  ship-canal. 

The  author  observes  at  the  outset  of  his  paper  that  the  Northwest- 
ern States  are  vitally  interested  in  reducing  freight  rates  to  Europe 
even  more  so  than  to  home  markets,  since  the  home  price  of  the  prin- 
cipal exports  is  determined  by  that  in  the  foreign  markets,  less  the 
cost  of  reaching  them.  This  triiism  is  at  the  bottom  of  the  demand 
for  a  ship-canal  by  the  Northwestern  States,  for,  if  the  author's  ad- 
mitted saving  of  4  cents,  odd,  per  bushel  is  applied  to  all  their  siirplus, 
over  the  producers'  wants  (amounting  to  thousands  of  millions  of 
bushels  of  grain,  together  with  that  upon  other  agricultural  pro- 
ducts), the  annual  gain  to  these  States  would  not  be  much  short  of, 
if  it  did  not  exceed,  $100  000  000.  Apart  from  agriciiltural  products, 
the  gain  to  these  Northwestern  States  and  their  lake  cities  m  opening 
new  markets  for  their  other  exports,  cannot  be  estimated,  but  it  is 
evident  there  is  an  aggregate  of  economy,  in  sight,  which  warrants 
the  efl'ort  made  to  obtain  it. 

Damage,  or  depreciation  in  transhipment,  is  an  additional  element 
of  economy  (not  referred  to  by  the  author)  in  favor  of  a  ship-canal,  to 
which  it  is  more  difficult  to  attach  a  money  value,  because  it  is  de- 
pendent upon  the  cargo.  On  grain  it  may  be  ignored,  but  not  on  the 
products  of  grain.  On  perishable  products  the  facilities  afforded  for 
cold  storage  in  the  large  through-carrier  would  be  important  as  com- 
pared with  a  transfer  route,  while  on  all  package  freight  in  either 
direction  there  would  be  a  distinct  money  gain  (besides  that  of  loss  of 


CORKESPONDENCE    ON    ECONOMIC    DEPTH    FOR   CANALS.       313 

time  aud  cost  in  handling),  when  the  goods  are  delivered  in  the  same  Mr.  Keefer. 
condition  as  when  shipped. 

The  only  possible  competitor  with  the  best  canal  between  the 
lakes  and  the  Atlantic  is  the  railway  of  the  future.  The  railway  has 
the  advantage  of  having  no  closed  season,  and  of  jienetrating  the  in- 
terior so  as  to  cut  ofi"  supplies  to  the  water  route,  as  well  as  of  being 
able  to  deliver  them  at  their  inland  destination.  It  has  already  "  cut 
its  rates  in  two  "  more  than  once;  and  what  the  future  railway  will  do, 
with  improved  grades  and  alignment,  heavier  rails,  bridges,  train-loads 
and  higher  speed,  remains  to  be  seen.  Enough  is  foreshadowed  to  show 
that  no  canals  but  those  of  the  largest  cai)acity  can  compete  with  rail- 
ways in  economy,  while  only  such  canals  as  will  pass  the  ocean  carriers 
will  surpass  them  on  the  question  of  transhipment,  because  the  rail- 
way, whatever  its  capabilities,  is  not  amphibious. 

The  author  in  his  paper  deals  wholly  with  routes  lying  within 
New  York  State,  and  refers  to  "the  enormous  expense  required"  for 
a  28-ft.  canal  on  those  routes.  The  expense  would  no  doiibt  be 
enormous,  although  it  might,  if  successful,  be  warranted  by  the 
results,  but  the  writer  believes  the  length  of  a  canal  on  a  Buffalo  and 
Albany  route,  and  the  increased  lockage  of  an  Oswego-Mohawk  route, 
wOl  increase  the  time  of  transit,  and  contingencies  of  interruption, 
so  as  to  seriously  affect  the  efficiency  of  either  route  in  competition 
with  railways. 

The  question  of  route  was  left  oj^en  by  the  United  States  Inter- 
national Commission  of  1895,  to  await  the  results  of  surveys  and  esti- 
mates. The  Canadian  section  of  that  Commission  had  no  mandate 
from  their  own  government  except  to  respond  to  the  invitation  of  the 
Government  at  Washington,  by  assisting  the  United  States  Commis- 
sioners in  their  investigation,  which  it  was  assumed  would  cover  all 
possible  routes  between  Lake  Erie  and  the  Hudson  Kiver.  It  is  sup- 
posed that  the  United  States  International  Commission  of  1895  was 
the  outcome  of  the  International  Association  which  met  in  Cleveland, 
and  that  it  was  made  international  because  the  Northwestern  States 
wanted  direct  communication  with  Europe,  through  the  St.  Lawrence, 
as  well  as  the  best  connection  Avith  their  great  home  market  in  New 
York  and  New  England,  and  believed  this  last  might  be  jjossible, 
under  the  best  conditions,  upon  an  international  route  via  Lake 
Champlain. 

The  Canadian  adjunct  to  this  Commission,  in  its  final  report  to  the 
Government  of  Canada,  says : 

"The  supreme  value  to  the  Northwestern  States,  as  well  as  to  the 
Canadian  prairies,  of  an  international  route  for  deejjer  waterways  is 
that  it  will  combine  the  shortest  route  to  the  Canadian  seaboard, 
Europe  and  Lake  Champlain  with  the  broadest,  deepest  and  most 
speedily  navigated  watei-s,  and,  therefore,  the  quickest  route  between 
the  heart  of  this  northern  Continent  and  New  York." 
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Mr.  Keefer.  "  The  probable  route  of  such  an  international  work  will  be  one  by 
which  all  the  new  large  canals  required  between  Lake  Erie  and  the 
Hudson  River  will  be  located  along  the  northern  and  eastern  borders 
of  the  State  of  New  York,  with  the  single  exception  of  the  one  between 
the  River  St.  Lawi-ence  and  Lake  Chami^lain,  which  is  the  only  one 
necessarily  within  Canadian  territory." 

"There  is  only  one  international  route  j^ossible,  which  is  that  rin 
the  St.  Lawrence  River  and  Lake  Champlain,  which  is  also  one  which 
permits  the  extension  of  this  deep  water  system  to  Montreal  and  thus 
to  Europe  on  the  shortest  possible  line.  This  fact,  together  Avith  the 
consideration  that  the  St.  Lawrence-Chami^lain  route  gives  the  greatest 
extent  of  wide  and  deep  water,  the  least  mileage  of  artificial  channel, 
and  the  minimum  of  lockage  possible,  has  given  rise  to  this  interna- 
tional Commission." 

Mr.  Burr.  W.  H.  BuKR,  M.  Am.  Soc.  C.  E. — The  ijaper  is  practically  a  dis- 
cussion of  the  report  made  by  Major  Thomas  W.  Symons  to  Gen. 
John  M.  Wilson,  Chief  of  Engineers,  U.  S.  A. ,  on  a  preliminary  exam- 
ination for  a  ship  canal  between  the  Great  Lakes  and  the  navigable 
waters  of  the  Hudson  River. 

That  report  took  the  shape  of  a  recommendation  by  Major  Symons 
in  favor  of  a  1  500-ton  barge-canal.  This  rejjort  and  its  discussion 
must  necessarily  raise  the  general  question  of  the  economic  transjjorta- 
tion  of  grain  from  the  fields  of  production  in  the  West  to  ports  of  export, 
as  well  as  to  the  great  domestic  markets  of  the  eastern  portion  of  the 
country,  which  have  been  created  by  the  development  of  industrial 
centers.  In  the  early  days  of  the  transiDortation  of  surplus  grain 
from  the  West  to  seaports,  and  to  the  eastern  domestic  markets,  the 
Erie  Canal  played  a  controlling  part.  Although  it  is  scarcely  more 
than  thirty  years  ago  that  the  railroads  first  began  to  transport  grain 
from  the  western  fields  to  eastern  jjoints,  they  have  now  taken  nearly  all 
of  that  carrying  business.  This  is  so  great  a  revolution  in  the  busi- 
ness between  the  West  and  the  East,  and  the  conditions  which  have 
made  it  possible  have  caused  such  other  radical  changes  in  the  fields 
of  transportation,  that  it  has  become  imperative  to  examine  all  the 
features  of  the  situation  in  order  to  determine  in  what  direction  future 
developments  of  grain  carriage  may  be  made.  The  most  serious  aspect 
of  this  condition  of  things  for  the  Port  of  New  York  arises  from 
the  fact  that  these  changes  in  transportation  have  resulted  in  the 
diversion  of  a  portion  of  its  commerce,  already  large  and  con- 
stantly becoming  larger,  to  other  ports.  During  the  past  few  years 
there  have  been  a  number  of  active  agitations  of  a  public  and  semi- 
public  character,  having  for  their  common  object,  the  amelioration  of 
the  conditions  now  burdening  the  transfer  of  freight,  chiefly  between 
the  Great  Lakes  and  tide  water  of  the  Hiidsou  River.  These  agi- 
tations and  the  examinations  resulting  from  them  have  in  the  main 
led  to  a  consideration  of  three  routes;  one,  constituting  essentially 
an    enlargement    and    imin'ovement    of    the    Erie    Canal,    together 
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-with  sucli  rectificatiou  of  its  alignment  and  levels  as  might  seem  ad-  Mr.  Burr, 
visable;  the  second,  being  known  as  the  Oswego  route,  involving  an 
enlarged  or  possibly  a  ship-canal  between  Lake  Erie  and  Lake  Ontario 
and  the  imi)rovement  of  the  Oswego  River,  together  with  such  other 
constructions  and  improvements  as  would  form  a  suitable  junction 
■with  the  Erie  Canal  at  or  near  Kome,  from  which  i:)oint  eastwardly  the 
route  of  the  present  Erie  Canal  or  the  canalizing  of  the  Mohawk  River 
would  be  adopted;  while  the  third  is  known  as  the  St.  Lawa-ence-Cham- 
plain  route,  involving  the  construction  of  a  canal  from  a  suitable  point 
on  the  St.  Lawrence  River  to  Lake  Chamijlain,  and  from  thence  south- 
ward to  the  Hudson  River. 

The  two  former  lie  wholly  in  United  States  territory,  while  the 
latter  lies  partly  within  the  limits  of  Canada,  and  is  a  much  longer 
line  than  either  of  the  other  tw^o.  Major  Symons  properly  decides 
Against  any  serious  consideration  of  the  St.  Lawrence-Champlain 
route.  He  also  concludes  that  a  ship-canal  siifficieutly  large,  even 
to  accommodate  the  present  lake  freight  steamships,  is  not  worthy  of 
being  considered  by  the  United  States  Government,  whether  the  entire 
Erie  Canal  route  be  adopted  or  whether  the  Oswego  route  shall  be 
selected.  His  investigations  lead  him  to  believe  that  the  most  econom- 
ical transportation  of  freight,  chiefly  of  grain,  can  be  secured  by  the 
construction  of  a  barge-canal,  practically  along  the  line  of  the  present 
Erie  Canal,  of  sufficient  capacity  to  float  1  500-ton  barges,  which  would 
23robably  be  towed  in  fleets  of  four.  Major  Symons'  treatment  of  the 
question  is  the  first  systematic  engineering  study  of  the  problem,  and 
yet  there  may  be  some  diversity  of  opinion  as  to  the  strict  accuracy  of 
his  conclusions.  The  author  is  of  opinion  that  too  much  weight  has 
been  given  to  the  efl'ect  of  such  time  as  the  bai-ges  or  steamships,  in  the 
case  of  a  ship-canal,  would  spend  in  Buffalo  Harbor.  Buffalo,  how, 
ever,  is  and  always  has  been  a  point  of  great  importance  to  all  freight 
which  may  be  transported  between  the  Great  Lakes  and  tide-water 
of  the  Hudson,  and  whether  too  much  or  too  little  importance  has 
been  attached  to  that  matter  will  not  greatly  aflfect  the  final  solution 
of  the  iDroblem. 

The  present  condition  of  the  matter  arises  largely,  if  not  entirely, 
from  the  fact  that  the  railroad  companies,  whose  lines  run  from  the 
grain-producing  fields  of  the  West  to  the  export  jjoints,  have  been  tire- 
less in  the  improvement  of  their  transportation  facilities.  They  have 
given  to  their  roadbed  and  to  their  equipment  every  degree  of  excel- 
lence to  which  engineering  science  or  exi^erience  can  attain.  In  ad- 
dition to  this  they  have  been  equally  tireless  in  the  improvement  of 
their  organizations,  so  that  at  the  present  time  their  freight  rates  are 
probably  as  low  as  even  the  present  advanced  state  of  civil  engineer- 
ing resources  and  business  administration  wdll  permit.  On  the  other 
hand,  the  Erie  Canal  is  practically  in  the  same  condition  in  w^hich  it 


31G      CORRESPONDENCE    ON    ECONOMIC    DEPTH    FOR    CANALS. 

Mr.  Burr,  was  forty  years  ago,  in  si^ite  of  the  fact  that  steam  power  is  now  em- 
ployed on  it;  hence  the  question  arises:  "  Shall  the  improvement  now 
take  the  form  of  a  barge-canal  or  a  ship-canal?" 

As  an  illustration  of  the  reduction  of  freight  rates  by  rail,  which 
has  been  reached  by  the  extraordinary  improvements  in  rail  trans- 
portation during  the  past  twenty-five  years,  the  folio  wing  table  is  also 
taken  from  Major  Symons'  report,  page  69: 

AvEKAGE  Freight  Charges  Per  Bushei;. 


Year. 

By  all  rail,  Chicago 
to  New  York. 

Canal,  Buffalo  to  New 
York,  including  tolls 
and  trimming  at  Buf- 
falo and  shoveling  at 
New  York. 

Canal  tolls. 

1874 

Cents. 

28.7 

34.1 

16.5 

20.3 

17.7 

17.3 

19.9 

14.4 

14.6 

16.5 

13.12 

14 

16.5 

15.74 

14.5 

15 

14.31 

15 

14.23 

14.7 

12.88 

10 

12 

Cents. 

10.11 
8.01 
6.68 
7.52 
6.08 
6.86 
6.51 
4.75 
5.39 
4.96 
4.13 
3.85 
5.03 
4.38 
3.37 
4.38 
3.89 
3.58 
3.42 
4.65 
3.17 
2.19 
3.75 

Cents. 
3.10 

1875 

2  07 

1876 

2.07 

1877 

1.03 

1878 

1.03 

1879                          ..     . 

■    1.03 

1880 

1.03 

1881 

1.03 

1882    .. 

i.as 

1883 

Toll 

1884 

abolished . 

1885 

1886 

1887 

1888 

1889 

1890 

1891 

1892 

1893 

1894 

1995 

1896 

Major  Symons'  investigations  show  conclusively  that  a  barge-canal 
is  best  qualified  to  meet  transi^ortation  demands  as  they  now  exist  and 
that  the  Erie  Canal,  enlarged  on  a  rectified  alignment  so  as  to  float  the 
barges  advocated  by  him,  would  be  such  a  waterway.  Obviously  the 
final  solution  of  the  question  cannot  be  reached  until  complete  and 
accurate  surveys  of  the  entire  line  between  Buff'alo  and  the  Hudson 
Kiver  are  completed.  It  is  much  to  be  desired  that  the  operations  of 
the  present  Deep  Waterways  Commission  may  be  so  directed  as  to 
complete  this  particular  work  at  as  early  a  date  as  possible.  With 
such  data  as  that  survey  would  afford,  it  is  reasonable  to  suppose  that 
a  sufiiciently  close  estimate  of  costs  could  be  made,  to  determine  the 
most  economic  section  of  waterway  to  accomj^lish  the  purposes  which 
the  present  conditions  of  transportation  demand.  There  is  a  balance 
of  charges  to  be  determined  between  the  decreased  cost  of  a  restricted 
waterway  and  the  increased  costs  of  transportation  on  it.  If  the  section 
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of  the  waterway  cost  nothing,  obviously  the  most  economical  channel  Mr.  Burr, 
■would  be  one  of  practically  indefinite  width  and  depth,  but  the  inter- 
est on  the  cost  of  a  great  section   will  at  some  jjoint  begin  to  over- 
balance the  small  cost  of  transportation  only. 

The  economic  disadvantage  of  attempting  to  sail  expensive  craft  at 
a  low  Sliced  over  a  restricted  waterway,  and  the  business  wisdom  of 
fitting  the  vessel  to  the  water  which  it  must  navigate  is  well  illustrated 
by  one  of  Major  Symous'  tables,  found  on  page  52  of  his  report,  and 
here  reproduced.  The  table  j^ives  the  estimated  value  per  ton  of  carry- 
ing capacity  of  the  various  grades  of  vessels  indicated: 

Steel  ocean  steamers ^60  to  370 

Steel  lake  steamers   35  "  50 

Erie  canal  boats,  plain 9  "  12 

Erie  canal  boats,  in  fleets,  with  steamer 12  "  20 

Large  1  500-ton  canal  barges: 

Plaiu,  about             8 

In  fleets,  with  steamer 10  "  11 

Ohio  and  Mississippi  coal  boats 0 .  50 

Ohio  and  Mississippi  coal  barges 2  "  2 .  20 

The  interest  charge  on  steel  ocean  steamers  would  jjlainly  be  very 
high  for  the  slow  speed  of  a  canal.  The  same  observation  applies 
largely  to  the  steel  lake  steamers,  while  it  would  obviously  be  a  small 
charge  for  the  1  500-ton  barges. 

Major  Symons  estimates  that  the  rate  j^er  bushel  of  grain  from  Chi- 
cago to  New  York  on  the  1  500-ton  barge-canal,  Avith  present  transfer 
charges  at  Buftalo,  should  be  about  3. 6  cents  per  bushel,  whereas  the 
present  rate  by  lake  and  canal  is  about  2  cents  more  per  bushel.  If 
one-half  only  of  this  saving  were  applied  to  the  grain  actually  con- 
sumed in  and  about  the  Port  of  New  York,  which  is  probably  not  far 
from  33  000  000  bushels  per  annum,  the  saving  on  that  one  item  would 
be  S330  000  jjer  year.  It  is  probably  impossible  to  compute  accu- 
rately the  aggregate  saving  on  all  classes  of  domestic  productions 
a,flected  by  the  decreased  rates  of  transportation,  but  the  consideration 
of  this  one  item  shows  that  it  would  be  a  very  large  sum.  That 
amount  of  saving  per  bushel  of  grain  for  export  would  be  suflScient 
to  turn  the  great  stream  of  the  export  wheat  trade  through  the  Port  of 
New  York,  and  arrest  the  decay  of  foreign  commerce,  which  is  now 
going  on  in  that  i3ort,  and  regain  for  it  its  former  degree  of  supremacy. 

Joseph  Mayek,  M.  Am.  Soc.  C.  E. — The  author's  first  reading  of  Mr.  Mayer. 
Major  Symons'  i-eport  produced  a  strong  impression  that  he  had  solved 
the  problem  of  the  best  size  of  canal  between  Bufi"alo  and  New  Y'^ork,  and 
he  has  observed  that  the  sameimjjression  was  produced  on  others;  but 
a  closer  scrutiny  of  Major  Symons'  figures  convinced  the  author  that 
his  arguments  are  inconclusive  and  that  a  different  size  of  canal  could 
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Mr.  Mayer,  be  defended  successfully,  even  if  the  facts  on  which  his  arguments 
are  based  are  assumed  to  be  correct.  A  study  of  the  question  con- 
vinced the  author  that  the  accessible  facts  are  insufficient  to  prove 
conclusively  the  sui^eriority  of  any  size  of  canal.  The  author  thinks 
that  a  careful  reading  of  the  discussion  will  produce  the  same  imj^res- 
sion  on  most  students,  and  he  therefore  believes  that  the  paper  and 
the  discussion  have  accomplished  the  purpose  intended,  which  was  to 
produce  a  suspension  of  judgment,  which  is  the  best  state  of  mind  for 
forming  a  correct  opinion  of  the  merits  of  the  diflferent  sizes  of  canals 
when  the  missing  facts  become  available.  It  has  been  stated  in  the 
disciission  that  the  benefit  produced  by  the  cheapening  of  the  cost  of 
transportation  between  the  West  and  Europe  would  ultimately  accrue 
to  Europe  and  not  to  America.  This  statement  is  based  on  the  com- 
parison of  this  improvement  with  an  improved  process  of  cultivation. 
The  difference  between  this  imisrovement  of  the  means  of  transport 
and  an  improvement  in  the  process  of  cultivation  is  in  the  fact  that 
this  saving  in  cost  of  transport  helps  only  a  part  of  the  producers  sup- 
plying the  European  market,  and  not  all,  or  even  a  majority,  of  them. 
This  is  the  reason  why  the  argument  brought  forward  in  favor  of  the 
view  that  Europe  and  not  America  would  ultimately  derive  most  benefit 
from  the  canal  does  not  apply  to  this  case. 

The  effect  of  the  reduction  in  the  cost  of  transport  between  the 
West  and  Europe  would  undoubtedly  be  an  equal  diminution  of  the 
difference  between  the  EuroiDcan  and  western  iirice  of  exported  or 
imported  produce. 

If  the  exports  are  considered,  the  saving  w'ould  accrue  to  the  west- 
ern farmer  unless  the  canal  had  the  effect  of  diminishing  the  European 
prices  of  exported  j)roduce. 

The  European  jirice  of  wheat,  for  instance,  will  gravitate  to  a  jjoiat 
where  the  European  wheat  crop  and  the  foreign  imports  of  wheat  to 
Europe  equal  the  consumption.  The  United  States  wheat  pro- 
duction is  about  one-quarter  of  the  European  consumption.  Any  re- 
duction of  the  price  of  wheat  in  Europe  will  reduce  the  whole  supply 
of  Europe,  any  increase  of  the  price  of  wheat  in  America  will  increase 
the  American  jjroduction,  and  therefore  the  exportable  surplus.  If, 
in  the  absence  of  evidence  to  the  contrary,  it  is  assumed  that  a  given 
change  in  price  will  produce  the  same  percentage  of  change  in  the 
average  annual  production  in  America  and  in  other  countries;  then  a 
reduction  of  4.6  cents  per  bushel  in  the  cost  of  transport  of  wheat 
would  ultimately  be  divided  between  Europe  and  the  United  States  in 
the  proportion  of  one  to  three,  because  this  would  produce  a  reduc- 
tion of  1.15  cents  in  the  European  price  and  a  rise  of  3.45  cents  in  the 
American  jarice.  The  change  in  the  American  price  would  affect  a 
product  amounting  to  one- fourth  of  the  European  consumption;  the 
change  in  the  European  price  would  affect  a  product  amounting  to 
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three-fourths  of  the  European  consumijtiou.    The  supiily  from  America  Mr.  Mayer, 
woukl  therefore  be  increased  by  the  same  amount  as  the  siiijply  from 
other  sources  would  be  decreased.     Various  corrections  would  have  to 
be  introduced  to  make  this  argument  accurately  represent  the  facts, 
but  they  would  not  affect  the  substantial  truth  of  the  inference. 

The  foregoing  demonstrates  that  the  benefit  derived  from  the  saving 
in  cost  of  transportation  of  wheat  between  the  West  and  Eurojie  would 
largely  accrue  to  the  producers  of  the  West.  They  would  not  only 
obtain  an  increase  in  price  of  about  3.45  cents  per  bushel,  but  would  be 
enabled  to  supply  a  larger  jn-oportion  of  the  total  European  demand. 

So  long  as  any  reduction  in  the  cost  of  production,  or  transporta- 
tion to  market,  of  any  produce  aflfects  only  a  small  part  of  the  total 
supply  of  that  produce,  the  greater  part  of  the  saving  will  accrue  to 
the  producer  of  that  part. 

In  regard  to  imports  of  foreign  produce,  it  can  be  shown,  in  the 
same  way,  that  as  long  as  the  articles  imported  and  transported  through 
any  cheapened  methods  in  this  country  are  only  a  small  jsart  of  similar 
articles  produced,  the  benefit  will  accrue  to  the  American  consumer. 

The  substance  of  the  pajser  consists  in  showing  that  the  cost  of 
transjjort  is  very  small  and  the  cost  of  transfer  very  large;  that  there 
is,  therefore,  more  chance  of  saving  in  the  cost  of  transfer  than  in  the 
cost  of  transport,  and,  that  efforts  should  be  in  the  former  direction. 

Engineers  are  inclined  to  assume  that  transfer  charges  have  a 
definite  relation  to  the  cost  of  doing  the  work  of  transfer  and  to  infer 
that  transfer  charges  Avould  be  reduced  by  a  labor-saving  change 
in  the  method  of  doing  the  work.  They  infer  also,  from  the  fact  that 
in  other  jjorts  transfer  charges  are  much  less  than  in  New  York  and 
Buffalo,  that  there  is  a  near  prospect  of  the  reduction  of  charges  in 
these  latter  places.  Experience  has  shown  that  New  York  and  Buffalo 
offer  favorable  conditions  for  jaoolingthe  business  of  transfer;  that  is, 
for  agreeing  not  to  compete,  but  to  fix  standard  charges  and  divide 
either  the  business  or  the  profits  in  definite  proportion.  Under  such 
conditions  of  monopoly  the  cost  of  doing  the  Avork  has  no  direct  rela- 
tion to  the  charge  for  the  same. 

Monopolies,  if  they  are  intelligently  managed,  charge  what  the 
traffic  will  bear  ;  if  not,  they  charge  what  the  traffic  Avill  not  bear,  and 
ruin  the  business.  In  the  transportation  of  grain  by  water  from  the 
West  to  Europe  there  have  been  existing  for  a  long  time  two  monopo- 
lies, one  levying  tolls  in  Buffalo,  the  other  in  New  York.  The  traffic 
will  bear  a  certain  total  amount  of  toll  at  these  two  places  ;  if  one  of 
these  tolls  is  reduced,  the  other  can  be  increased.  These  two  mon- 
opolies could  not  agree  with  each  other  as  to  the  proper  share  of  the 
practicable  toll  for  each.  The  sum  of  their  charges  has  exceeded 
what  the  traffic  will  bear,  and  the  business  has  therefore  been  de- 
creasing.   As  long  as  the  succeeding  links  of  a  through  transijortfltion 
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Mr.  Mayer,  line  are  not  under  one  and  the  same  management,  no  link  can  count 
upon  getting  tlie  benefit  wliicla  can  be  derived  from  a  reduction  in 
charges  and  consequent  increase  in  business,  since  its  reduction  may 
be  counterbalanced  by  an  increase  in  the  charges  of  another  link. 
Any  link  will  get  all  the  benefit  which  can  be  derived  from  an  increase 
in  its  charges,  and  will  suffer  only  part  of  the  loss  due  to  a  decrease 
in  biisiness  jsroduced  thereby.  The  public,  which  desires  low  trans- 
portation charges,  is  therefore  interested  in  bringing  about  the  consol- 
idation of  all  the  succeeding  links  of  through  transportation  lines, 
since  this  makes  it  possible  to  obtain  reductions  in  charges  with  the 
aim  of  profiting  by  the  increase  in  business  thereby  produced. 

Public  policy  ought  therefore  to  favor  and  not  to  hamper  such 
consolidation.  The  growth  of  outside  competition  to  the  water  trans- 
portation between  Chicago  and  New  York  has  decreased  the  sum  of 
the  tolls  that  can  be  successfully  collected  in  Buffalo  and  New  York. 

The  improvement  of  the  Erie  Canal  will  increase  this  sum  again 
and  will  be  of  great  benefit  to  the  transfer  business  in  New  York  and 
Buflfalo,  especially  if  the  two  monopolies  combine  and  come  to  a 
reasonable  agreement  in  regard  to  the  division  of  the  sjioils,  which 
will  enable  them  to  keep  their  charges  down  to  what  the  traffic  will 
bear. 

The  position  of  the  transportation  business,  by  water,  between  the 
West  and  Europe  is  about  the  same  as  would  be  that  of  a  great  manu- 
factory, the  transportation  of  whose  ingoing  and  outgoing  goods  to 
and  from  the  nearest  railroad  is  in  the  hands  of  two  monoi^olies,  able 
to  fix  their  charges  at  their  own  discretion.  No  private  cajjitalist 
would  be  inclined  to  spend  much  money  for  the  improvement  and  en- 
largement of  such  a  factory.  Under  such  circumstances  the  first 
efTorts  would  be  devoted  to  the  breaking  up  of  these  monoijolies  before 
any  further  investments  would  be  made  in  the  factory.  The  public 
should  follow  the  same  policy  with  its  canals. 

Before  deciding  to  spend  any  money  on  the  improvement  of  the 
canals,  unless  this  improvement  makes  transfers  superfluous,  an  in- 
vestigation should  be  made  of  the  means  by  which  the  excessive  trans- 
fer charges  in  New  York  and  Buff'alo  are  maintained,  and  the  conditions 
under  which  transfers  in  New  York  and  Buflfalo  are  conducted  should 
be  so  changed  that  the  monopolies  will  be  broken  up  and  competitive 
rates  established.  It  may  be  necessary  for  the  Government  to  j^rovide 
its  own  transfer  facilities,  or  to  rent  sj^ace  for  such  to  parties  who  will 
promise  to  furnish  the  same  in  abundant  quantity  at  rates  agreed  upon 
beforehand.  Unless  it  is  practicable  to  reduce,  not  only  transfer  cost, 
but  transfer  charges,  to  very  much  lower  rates  than  at  present  exist,  it 
would  be  manifestly  injudicious  to  build  a  canal  necessitating  trans- 
fers. The  advocates  of  such  a  canal  could  not  use  the  next  few  years 
to  better  jjurijose  than  in  accomplishing  this  result.  They  may  possibly 
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thereby  bring  it  about  that  a  1'2-ft.  caual  necessitating  transfers  will  Mr.  Mayer, 
become  a  useful  public  improvement.     It   may,  however,  be  found 
that  a  large  part  of  the  apjjarently  excessive  transfer  charges  is  due  to 
conditions  which  cannot  well  be  removed. 

The  author  still  believes  that  the  necessarily  remaining  transfer 
charges,  and  the  other  costs  and  disadvantages  of  transfers  are  suffi- 
cient to  justify  the  additional  expense  of  a  larger  canal,  making  it  pos- 
sible to  avoid  all  transfers  in  Buffalo  and  a  large  jjart  of  those  in  New 
York. 

The  objection  has  been  raised  against  an  18-ft.  caual  that  the  barges 
which  could  pass  through  it  from  the  lakes  and  the  sea  coasts  could 
not  do  business  on  the  lakes  as  cheaply  as  can  large  steamers.  Even  if 
this  is  true,  which  is  doubtful,  considering  the  present  ability  of  such 
barges  to  compete  successfully  -with  steamers  on  the  sea  coasts  and  on 
the  lakes,  it  does  not  follow  that  the  difference  between  cost  of  trans- 
portation on  the  lakes,  in  such  barges  and  in  steamers,  is  large  enough 
to  approach  the  cost  of  transfer  in  Buffalo,  which  would  be  necessary 
to  induce  transfers  there.  It  has  been  asserted  that  Major  Symons' 
report  is  misquoted  in  the  j^aper,  in  regard  to  transfer  charges  in 
Buffalo  and  New  York.  The  author  stated  that  the  average  transfer 
charge  in  Buffalo  is  1.16  cents  per  bushel. 

Major  Symons  says  the  transfer  charge  down  is  1.3  cents  per  bushel, 

and  he  assumes  for  his  calculations  the  transfer  charge  up  25  cents 

jDcr  ton,  or  0.75  cents  j^er  bushel,  and  estimates  the  business  up  to  be 

one-third  as  large  as  the  business  down.     This  gives  the  average  trans- 

„        ,                        11           (3  X  1.3) +  0.75         ,  _  ,  111 

fer  charge  up  and  down  ^^ j =  1.16   cents    per    bushel, 

which  is  identical  with  the  author's  statement  of  the  same. 

In  regard  to  the  transfer  charge  in  New  York,  Mayor  Symons  states 
on  page  104,  of  his  report: 

"  If  wheat  is  shipped  direct  through  New  York,  the  average  transfer 
charges,  including  demurrage,  extra  storage,  etc.,  will  amount  to  50 
cents  a  ton,  or  1^  cents  a  bushel." 

These  charges  would  all  be  saved  if  there  were  no  transfer  in  New 
York.  The  author  is  therefore  correct  in  stating  this  amount  as  saved 
and  not  1.275  cents  per  bushel,  which  is  only  part  of  the  saving  effected 
by  avoiding  transfer  in  New  Y"ork. 

The  author  has  been  charged  both  with  overestimating  and  under- 
estimating the  time  required  by  a  vessel  to  pass  through  a  24-ft.  canal 
on  the  Oswego  route  from  Buffalo  to  New  York.  He  assumed  the 
average  speed  in  the  canal  to  be  4  miles  per  hour.  The  average  speed 
of  vessels  without  consorts,  allowing  for  all  delays,  in  the  Baltic  and 
North  Sea  Canal  is  rejiorted  to  be  6  miles  per  hour.  The  author 
endeavored  to  prove  by  his  argument  that  Major  Symons'  estimate  of 
the  time  required  for  the  round  trip  between  Buffalo  and  New  York 
was    excessive.      He   was  therefore    on    the  safe  side    in   assuming 
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Mr.  Mayer,  only  two-thirds  of  the  speed  actually  attained,  not  in  single  cases 
under  special  circumstances,  but  on  an  average  over  a  whole  sea- 
son in  an  existing  canal  similar  to  the  one  considered.  It  is  not 
the  author  who  is  theorizing  in  this  matter  and  assuming  things 
based  on  no  actual  experience,  but  his  opponent  who  has  no 
actual  facts  to  sustain  his  assertion.  As  regards  the  necessity  of  a 
steamer,  loaded  with  grain  from  Chicago  for  New  York,  assuming  the 
existence  of  a  24-ft.  canal,  spending  days  in  Buffalo,  for  recoaling, 
provisioning  and  repairing,  only  astonishment  can  be  expressed  that 
such  an  assertion  should  be  made. 

Referring  to  the  best  route  for  a  large  canal  and  the  question  as  to 
who  is  to  biiildit,  which  are  closely  connected,  very  little  has  been  said 
in  the  paper.  The  reason  for  this  is  the  fact  that  no  reliable  estimates 
of  cost  of  canals  of  different  depths  on  the  varioias  routes  are  avail- 
able, and  to  decide  for  or  against  any  j^articular  route,  without  such 
estimate,  seems  impossible.  The  problem  of  providing  a  ship-canal 
or  a  canal  for  lake-going  barges  is  fundamentally  ditferent  from  the  orig- 
inal one  of  building  the  Erie  Canal.  In  the  latter  case  the  investment 
was  §5  000  000;  in  the  former  it  would  be  over  $100  000  000.  The  orig- 
inal Erie  Canal  caused  a  saving  of  about  20  cents  a  ton-mile  in  the  pre- 
vious cost  of  transportation;  a  ship-canal  will  cause  a  saving  of  about  0.2 
cents  a  ton-mile  over  the  i)resent  cost  of  transportation.  The  invest- 
ment will  be  twenty  times  as  large;  the  saving  in  the  cost  of  trans- 
l^orting  one  ton  will  be  only  too  of  what  it  was  when  the  original  Erie 
Canal  was  built.  It  is  evident  that  the  larger  canal  would  have  to 
supply  transportation  to  a  large  part  of  the  United  States  to  be  a 
paying  investment,  and  the  resources  of  all  interested  parties  will  be 
required  to  carry  the  enterprise  through.  The  local  business  would 
be  small  in  comparison  with  the  through  business,  and  the  interest  of 
the  State  of  New  York  in  its  completion  will  be  small  in  comparison 
with  the  combined  interests  of  the  Western  States  and  the  remainder 
of  the  East.  The  effort  of  the  State  of  New  York  to  keep  control  of 
this  enterprise  is,  in  the  author's  opinion,  quixotic  and  will  delay  or 
kill  the  whole  scheme.  If  the  United  States  is  to  build  the  canal  it 
will  be  so  built  as  to  best  accommodate  the  through  business. 

The  site  of  the  present  Erie  Canal  does  not  seem  to  be  fitted  for  a 
large  canal ;  there  remain,  therefore,  only  the  Oswego  route  and  the 
Lake  Champlain  route,  of  which  the  former,  as  by  far  the  shorter,  is 
preferable,  unless  the  cost,  which  is  at  present  unknown,  is  very  much 
against  it. 

The  surveys  and  estimates  now  being  made  and  the  completion  of 
the  Canadian  14-ft.  canals  to  Montreal  will  furnish  much  new  infor- 
mation on  this  question,  and  will  probably  permit  of  the  formation  of 
a  well-founded  opinion  on  the  best  size  of  canal  from  the  West  to  the 
sea  coast. 
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In  November,  1896,  the  Cleveland  Sliip-Building  Company,  of 
Cleveland,  O.,  decided  to  remove  its  shipyard  from  its  location  in 
Cleveland,  on  account  of  the  necessity  of  enlarging  the  plant  and  of 
constructing  a  dry  dock  in  connection  with  the  same,  in  order 
that  rei^airs  to  vessels  could  be  made  within  the  limits  of  its  own  ter- 
ritory. With  this  object  in  view,  the  author  was  directed  to  make 
certain  jireliminary  investigations  of  property  in  Loraine,  O., 
located  at  the  mouth  of  Black  Biver,  26  miles  west  of  Cleveland,  to 
determine  its  availability  for  such  ijurjjoses.  These  investigations 
were  commenced  in  December,  1896,  and  consisted  of  a  series  of 
soundings  and  borings  on  the  property  to  determine  the  character  of 
the  underlying  strata.  The  soundings  were  made  with  a  3-in.  test 
auger  and  extended  to  a  depth  of  51  ft.  in  the  deepest  place.  The 
tests  were  made  as  nearly  as  possible  on  the  center  line  of  the  pro- 
posed dry  dock,  on  the  easterly  side  of  Black  Eiver  and  about  half  a 
mile  from  the  lake. 
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The  surface  of  the  ground  consisted  of  marsh  mud,  the  level  of 
the  highest  point  of  the  marsh  being  about  1  ft.  above  the  ordinary 
stage  of  water  in  the  river,  which  is  the  zero  of  the  Government 
gauge.  The  marsh  was  covered  with  a  heavy  growth  of  reeds  and 
grass,  and  was  highest  close  to  the  river,  along  the  bank  of  which 
it  was  possible  to  walk  at  all  times,  while  100  ft.  back  from  the  river 
the  marsh  was  lower  than  the  water  level  and  was  soft  and  miry.  The 
depth  of  the  marsh  mud  varied  from  7  to  15  ft. ,  as  shown  upon  the 
profile  of  the  soundings  (Fig.  1).  Below  the  mud  there  was  an  inferior 
sort  of  bluish  clay,  which  increased  in  stiffness  with  every  foot  of  depth. 
At  several  of  the  test  holes  a  small  stratum  of  gravel  was  found,  but  it 
was  in  all  cases  below  the  level  of  the  bottom  of  the  proposed  dry  dock 
and  was  not  deemed  dangerous  to  the  work.  The  result  of  the  inves- 
tigations was  such  that  the  location  was  fixed  and  the  plans  and  speci- 
fications prepared  by  the  author  during  the  months  of  January  and 
February,  1897. 

The  first  work  to  be  commenced  was  the  dry  dock,  and  it  will  be 
described  to  completion,  without  reference  to  the  remainder  of  the 
work,  which  was  going  on  at  the  same  time,  and  which  will  be  de- 
scribed in  the  latter  portion  of  this  paper. 

The  plans  prepared  contemplated  a  dry  dock  560  ft.  in  total 
length,  98  ft.  wide  at  the  top,  between  coinings,  56  ft.  wide  at  the  bot- 
tom and  23  ft.  total  dejith.  The  entrance  was  to  be  60  ft.  wide  at  the 
bottom  and  66  ft.  at  the  top,  with  a  depth  of  17  ft.  of  water  on  the  sill 
at  the  ordinary  stage.  The  plans  were  modified  by  decreasing  the 
depth  of  the  dock  to  21  ft.,  which  increased  the  bottom  width  to  59  ft. 
The  width  of  the  entrance  was  not  changed.  Fig.  1  shows  the  general 
plan  and  sections  of  the  dock,  the  only  change  from  the  original  being 
that  the  width  on  toj^,  in  the  clear,  between  copings,  is  96  ft. 

Construction  was  commenced  on  February  22d,  1897.  The  first 
work  consisted  in  enclosing  three  sides  of  the  proposed  dock  by  a 
water-tight  protection  of  sheet  piling,  placed  25  ft.  away  from  the 
top  of  the  dock.  This  is  shown  in  Fig.  1  of  Plate  XIII.  This  protec- 
tion was  built  of  a  single  line  of  oak  piles,  30  ft.  long,  driven  10  ft. 
apart  and  connected  by  a  waling  timber  of  10  x  12-in.  Norway  june, 
drift-bolted  to  each  pile  on  the  side  away  from  the  dock  with  1-in. 
drift  bolts.  Outside  of  this  waling  juece  was  driven  a  row  of  sheet 
piling  6  ins.  thick  and  from  20  to  26  ft.  long,  double  grooved  on  the 
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edges  and  tongued  -witli  2  x  4-in.  pine,  sijiked  into  one  piece  of 
the  slieeting.  The  tongues  were  of  well-seasoned  lumber,  and,  when 
in  place,  it  was  found  that  they  had  so  swelled  as  to  make  the  joints 
thoroughly  water  tight.  While  this  work  was  in  j^rogress,  the  upper 
row  of  piling  for  the  dock  itself  was  driven;  the  piles  being  of  white 
oak,  35  ft.  long,  spaced  4  ft.  apart,  and  extending  along  the  north 
and  south  sides  and  the  east  end  of  the  dock. 

On  the  completion  of  this  work  the  space  between  the  piles  last 
mentioned  was  dredged  out  to  a  depth  of  24  ft. ,  excejiting  that  at  the 
entrance,  where  it  was  jDroposed  to  place  the  cofifer-dam,  the  dredg- 
ing was  only  carried  to  a  depth  of  9  ft. ,  or  just  sufficient  to  permit  the 
entrance  of  the  dredge  and  scows.  The  dredging  left  the  banks  of  the 
excavation  standing  at  a  slope  of  about  1  to  1,  and  the  top  row  of 
l^iling  was  thereby  protected,  and  served  also  to  some  extent  to  hold 
the  upper  stratum  of  muck  from  sliding  in. 

The  coffer-dam  was  constructed  across  the  opening,  extending  from 
the  north  to  the  south  line  of  the  protection  sheet-piling.  It  was 
built  by  first  driving  two  rows  of  30-ft.  oak  piles  10  ft.  apart;  the  piles 
being  spaced  at  10  ft.  centers  in  each  row,  and  connected  by  a  10 
X  12-in.  waling  timber;  and  secondly,  by  driving  a  double  wall  of  6-in. 
tongued  and  grooved  sheet  piling,  26  ft.  long,  back  of  the  waling  tim- 
bers. The  two  walls  were  braced  together  by  8  x  8-in.  diagonal 
braces  and  l^-in.  iron  rods,  after  the  manner  of  the  lateral  bracing  of 
a  Howe  truss  bridge.  On  the  river  side  of  the  dam,  and  25  ft.  from 
the  same,  was  driven  a  row  of  35-ft.  oak  piles,  secured  to  each  other  by 
12  X  12-in.  timbers  back  of  the  piles.  To  these  timbers  the  piling 
of  the  coffer-dam  was  anchored  by  li-in.  iron  rods  every  3  ft.  The 
space  between  the  anchor  piles  and  the  coffer-dam  Avas  filled  with  clay, 
which  was  banked  up  against  the  anchor  piles  to  a  height  sufficient  to 
protect  the  dam  from  the  action  of  waves  or  from  changes  of  level  in 
the  river.  As  the  depth  of  water  on  each  side  of  the  dam  was  only  9  ft. , 
the  pressure  upon  the  dam  after  pumjjing  out  Avas  not  excessive,  as 
the  natural  ground  below  sustained  the  main  weight.  As  soon  as  the 
Ijumping  had  progressed  far  enough,  a  second  row  of  piles  was  driven 
on  the  side  toward  the  dock,  and  the  inside  of  the  dam  was  shored  up 
against  these  by  timbers.  The  pumping  was  done  sloAvly  and  was 
suspended  at  intervals  to  admit  of  driving  the  intermediate  rows  of 
slojie  piling,  which  was  done  from  a  floating  driver.     As  the  j^umping 
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progressed  and  the  water  receded  fi'om  the  sheet  piling,  anchor  piles 
were  driven,  and  the  sheet  jjiliug  was  secured  thereto  by  l-j-in.  rods. 
The  falling  water  caused  the  banks  to  cave  off  to  some  extent,  and  in 
two  places  the  upper  slope  rows  were  disturbed  and  had  to  be  re-driven 
for  about  150  ft.  on  the  south,  and  200  ft.  on  the  north  side.  There 
was  practically  no  leakage  through  the  sheet  i^iling,  until  after  the 
caving  above  mentioned,  but  water  came  in  through  the  bottom  of  the 
dock,  accomiJanied  by  marsh  gas  in  considerable  quantities.  The 
water  appeared  to  come  up  from  a  deep  stratum  and  was  27°  colder 
than  the  water  in  the  river. 

A  second  set  of  soundings  was  made  in  the  bottom  of  the  dock,  and 
a  vein  of  gravel  was  found  through  which  the  water  appeared  to  come. 
A  second  row  of  sheet  i^iling  was  driven  inside  the  first  row  and  to  a 
depth  of  20  ft.  below  the  bottom  of  the  dock,  and  this  appeared  to  cut 
off  a  portion  of  the  inflow.  The  remainder,  being  not  enough  to  im- 
pede the  work  of  construction,  was  left  to  be  taken  care  of  as  became 
necessary. 

The  removal  of  the  loose  material  left  after  dredging,  and  which 
had  slid  in  during  the  pumping,  and  the  work  of  bringing  the  bottom 
to  the  required  grade,  was  commenced  at  the  entrance  of  the  dock  in 
order  that  that  portion  might  be  first  protected.  The  excavation  was 
then  continued  toward  the  head  of  the  dock  at  as  nearly  as  possible 
the  same  rate  as  the  pile-driving  coukl  be  done.  The  material  exca- 
vated was  lifted  out  by  derricks,  loaded  into  mud  scows  and  dumped 
in  the  lake.  A  portion  of  the  excavated  material  was  dumped  by  the 
derricks  upon  the  adjoining  marsh  north  of  the  dock.  This  was  a  mis- 
take, as  the  weight  of  the  material  caused  a  break  in  the  sheet  piling 
at  the  same  point  as  (previously  stated)  the  caving  off  occurred,  and 
the  bottom  of  the  dock  appeared  to  be  heaved  up  and  to  slide  over  the 
center  from  the  north  to  the  south  side.  At  the  same  time,  the  su.rface 
of  the  marsh  above  sunk  about  3  ft.  This  difficulty  was  finally  sur- 
mounted, although  it  caused  considerable  trouble  by  increasing  the 
amount  of  excavation,  but  as  soon  as  the  piling  of  the  bottom  was 
driven  and  the  transverse  timbers  were  put  in  place,  this  upward 
movement  ceased. 

The  pile-driving  of  the  bottom  was  commenced  at  the  entrance  of 
the  dock,  under  the  abutment  cribs,  and  was  continued  toward  the 
head  of  the  dock  as  rapidly  as  the  excavation  allowed.      There  were 
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two  drivers  in  the  dock,  and  each  was  emialoyed  constantly.  A  2  000-lb. 
hammer  was  used  in  driving  the  piles,  and,  while  at  first  they  drove 
very  easily,  they  finally  gave  indications  of  good  bearing.  "Where  it 
was  thought  best,  longer  piles  than  those  called  for  by  the  plans  were 
used.  Extra  piles  were  driven  around  all  places  where  water  appeared 
in  the  bottom,  and  the  result  was  that  nearly  all  the  siirings  were 
sto23ped  by  the  consolidation  of  the  ground,  only  three  or  four  leaks 
being  left  to  the  last,  and  these  were  led  into  the  i^ermanent  drains  and 
taken  off  by  the  jnimps. 

The  piles  under  the  slope  timbers  are  of  white  oak  and  are  driven 
in  three  rows  on  each  sloj^e,  being  35,  30  and  25  ft.  long,  respectively. 
Those  under  the  bottom  of  the  dock  and  under  the  cribs  at  the  entrance 
are  20  ft.  long,  and  those  under  the  aprons  25  ft.  long.  These  are  of 
various  woods,  such  as  beech,  elm,  pin-oak,  hard  maple,  etc.  The 
specifications  required  all  piles  to  have  a  diameter  of  12  ins.  at  a 
distance  of  3  ft.  from  one  end,  and  a  diameter  of  not  less  than  6  ins.  at 
the  other  end,  in  a  length  of  35  ft.,  and  proportionally  for  shorter 
lengths. 

The  piling  of  the  bottom  consists  of  fifteen  longitudinal  rows,  the 
five  rows  under  the  center  and  one  under  the  foot  of  each  slope  having 
the  piles  spaced  4  ft.  apart,  and  the  other  eight  rows  having  them  8  ft. 
apart.  Each  row  is  capped  with  12  x  12-in.  oak,  the  timbers  in  ad- 
joining rows  breaking  joint  with  each  other.  Upon  these  longitudinal 
timbers  are  jilaced  the  transverse  timbers  which  support  the  keel  and 
bilge  blocks.  These  are  12  x  18  ins.  and  64  ft.  long,  placed  every  8 
ft.  and  notched  2  ins.  over  the  longitudinal  timbers,  so  as  to  brace  the 
rows  of  i^iling.  These  timbers  are  of  Douglas  fir,  from  the  Pacific 
coast.  They  extend  clear  across  the  bottom  of  the  dock  and  support 
the  main  slojje  timbers.  Between  each  transverse  timber  at  the  foot 
of  the  slopes  there  is  placed  a  14  x  14-iu.  timber  framed  into  the 
12  X  18-in.  timbers  and  resting  on  top  of  the  12  x  12-in.  longi- 
tudinals. This  is  to  receive  the  intermediate  slope  timbers,  and  at  the 
same  time  close  the  foot  of  the  slopes  against  the  earth  behind  the  same. 

The  three  rows  of  slope  piles  are  also  capped  longitudinally  with 
12  x  12-in.  oak,  and  each  row  is  independently  braced  to  the  trans- 
verse timbers  of  the  dock,  so  that  any  inward  movement  of  either  will 
be  resisted  by  the  bottom  of  the  dock  and  the  opposite  slope.  These 
are  additional  to  the  regular  slope  timbers  which  also  brace  the  piling. 
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The  slope  timbers  are  12  x  12-iu.  oak  at  every  transverse  bottom 
timber,  and  8  x  12-in.  oak  at  intermediate  jioints.  These  timbers 
are  framed  into  their  supports,  and  form  an  additional  brace  to  the  top 
as  well  as  serving  their  primary  purpose  of  supiiorting  the  altars. 

The  slope  timbers  are  covered  with  1-in.  rougli  pine  boards  nailed 
to  each  timber.  At  intervals  of  about  100  ft.,  along  each  side  of  the 
dock,  chutes  are  constructed,  by  placing  two  8  x  12-in.  oak  timl)ers 
on  to23  of  two  of  the  12  x  12-in.  slope  timbers,  and  filling  in  between 
them  Avith  6-in.  oak  plauk.  These  are  to  be  used  for  putting  material 
for  repairs  in  and  oiit  of  the  dock  without  injury  to  the  altars. 

The  entrance  to  the  dock  is  protected  by  two  abutment  cribs,  each 
32  X  28  ft.  and  24  ft.  high,  resting  upon  48  piles.  The  capping  of 
the  piles  and  the  two  upper  coixrses  of  timber  in  the  cribs  are  of  white 
oak ;  the  remainder  of  the  timber  is  hemlock.  The  outer  walls  ai-e 
of  12  X  14-in.,  and  the  inner  walls  of  12  x  12-in.  timbers.  The 
framing  is  dovetail  work.  All  the  courses  are  drift-bolted  with  1-in. 
by  30-in.  drift  bolts,  and  all  the  joints  are  caulked  with  pitch  and 
oakum.  The  sills  and  jambs  for  holding  the  gate  in  place  are  18  x 
18-in.  oak,  well  braced  and  bolted  in  position.  The  jambs  are  sunk  2 
ins.  into  the  walls  of  the  cribs,  and  are  bolted  through  the  walls  and 
through  12  x  18-in.  inside  pieces  of  oak.  The  apron  timbers,  of 
12  X  12-in.  oak,  run  across  the  entrance,  and  are  bi;ilt  into  the  cribs- 
at  each  end.  They  rest  ujion  piles  between  the  cribs.  There  are  two 
rows  of  jjiles  and  timbers  under  each  sill,  and  these  are  braced  together 
and  to  the  adjoining  timbers  with  12  x  12-in.  oak  braces.  Outside 
of  the  outer  apron  there  is  a  line  of  6-in.  tongued  and  grooved  sheet 
piling,  20  ft.  long,  extending  across  the  entire  opening  and  returning 
at  each  end  to  the  face  of  the  cribs,  where  it  is  connected  to  the  line  of 
sheet  piling,  6  ins.  thick  and  30  ft.  long,  which  is  driven  from  the 
north  end  of  the  north  crib  to  the  south  end  of  the  south  crib,  and 
thence  carried  to  the  protection  sheet  piling  of  the  dock.  A  third  row 
of  sheet  piling,  30  ft.  long,  extends  from  crib  to  crib  in  front  of  the 
inner  sill,  thence  coming  forward  along  the  cribs  to  the  sheet  piling  in 
front  of  them. 

The  entire  apron,  inside  of  the  outer  row  of  sheet  piling  and  to  the 
inside  line  of  the  cribs,  is  filled  in  Avith  cement  concrete,  made 
of  broken  limestone  and  American  Portland  cement.  The  depth 
of  this   concrete  varies   from    4   ft.    at   the    outer  apron   and   5   ft. 
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under  the  middle  apron  to  about  2  ft.  at  the  inside  of  the 
inner  apron.  The  cribs  are  filled  with  puddled  clay.  The  space 
behind  the  slope  timbers  of  the  dock,  and  the  entire  bottom 
of  the  dock  between  the  piling  and  the  timbers,  is  filled  with  well 
puddled  clay.  As  soon  as  the  clay  was  filled  in  behind  the  slopes 
and  in  the  bottom,  the  floor  of  the  dock  and  the  altars  on  the  slojjes 
were  j^ut  in.  The  dock  floor  consists  of  4-in.  pine  plank  laid  on  fur- 
ring strijjs  on  the  longitudinal  timbers,  so  that  the  floor  is  from  4  to 
6  ins.  lower  than  the  top  of  the  transverse  timbers.  The  floor  pitches 
from  the  center  to  each  side,  and  the  drains,  built  of  2-in.  plank,  run 
along  each  side,  and  empty  into  a  cross  drain  at  the  east  end  of  the 
dock.  The  cross  drain  is  covered  for  half  its  length,  and  the  re- 
mainder is  protected  by  a  grating  of  1-in.  iron  bars,  having  2-in. 
openings  between  them.  This  drain  empties  into  a  brick  tunnel,  5  ft. 
in  diameter  and  96  ft.  long,  leading  to  the  pumps. 

The  altars  or  steps  of  the  slopes  are  made  by  cutting  diagonally 
through  10  X  14-in.  timbers,  so  as  to  leave  two  edges,  making  a 
10-in.  rise  and  a  10-in.  tread,  and  a  third  edge  2  ins.  wide,  to  rest  upon 
the  step  below.  These  altars  are  of  white  pine,  and  are  spiked  to  the 
oak  timbers  with  12-in.  spikes. 

All  the  oak  timber  is  drift-bolted  to  the  piling,  and  to  other 
timbers  with  1-in.  drift  bolts  of  such  lengths  as  the  sizes  of  the 
timbers  required. 

The  coping  of  the  dock  consists  of  two  i^ieces  of  12  x  12-in.  oak, 
laid  side  by  side,  and  resting  partly  upon  the  upper  altar  and  partly 
ui3on  the  cap  of  the  upper  slope  row  of  piles,  being  drift-bolted  to  the 
cap  and  edge  and  bolted  to  each  other. 

The  rudder  well  is  located  just  inside  of  the  inner  apron  and  is 
10  ft.  wide,  15  ft.  long  and  10  ft.  deep.  It  is  protected  by  6-in. 
tongued  and  grooved  sheet  piling,  20  ft.  long,  securely  bolted  to  the 
timbers  of  the  dock.     It  has  a  concrete  bottom  2  ft.  thick. 

The  gate  is  of  steel,  and  is  shown  in  Figs.  2  and  3.  It  is  62  ft.  long 
on  the  bottom,  68  ft.  on  the  top,  including  the  jambs,  and  is  19  ft.  high. 
The  keel  and  jambs  are  made  of  two  15-in.  channels,  braced  with 
plates  and  angles,  and  protected  on  the  outside  with  (i  x  1-4-in.  oak 
timbers,  to  which  are  fastened  rubber  gaskets.  The  gate  is  fitted 
with  valves  for  filling  and  emptying  the  various  compartments,  and 
also  with  eight  30-in.  gate  valves  for  filling  the  dock. 
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Tlie  pumps  are  located  in  the  engiue-room  of  tlie  power  house, 
directly  over  the  well  iato  which  the  tuuuel  emi^ties.  They  are  two 
iu  uuuiber,  each  having  a  30-in.  discharge,  and  a  combined  capacity 
of  about  50  000  galls,  per  minute.  Each  pump  is  operated  independ- 
ently by  a  single  engine.  The  well  is  6  x  10  ft.  and  17  ft.  deep. 
Its  top  is  level  with  the  engine-room  floor,  which  is  10  ft.  below  the 
top  of  the  dock,  and  is  covered  by  a  cast-iron  plate,  10  x  14  ft., 
bedded  in  cement,  upon  the  24:-in.  brick  walls  of  the  well,  and  bolted 
down  to  the  same  with  28  bolts,  1  in.  iu  diameter  and  from  5  to  8  ft. 
long.  The  suction  pipes  enter  the  well  through  packing  boxes  in  this 
plate.  There  is  also  a  manhole  and  a  ladder  for  entering  the  well. 
The  construction  of  the  timber  work  was  comi^leted  and  the  keel  and 
bilge  blocks  placed  in  jDosition  on  January  14th,  1898,  but  the  filling 
in  of  clay  behind  the  slopes  was  not  finished  then.  The  water  was  let 
into  the  dock  through  a  sluiceway  in  the  coffer-dam  on  the  15th  and 
16th  of  January,  and  on  the  17th  the  work  of  removing  the  coffer-dam 
was  commenced.  This  was  completed  on  January  23d,  and  on  the 
following  day  the  gate  was  put  in  place  and  the  pumps  started.  The 
dock  was  pumped  out  iu  two  hours;  and  it  was  found  that  the  gate 
and  cribs  and  all  the  work  were  practically  water-tight.  On  January 
26th  the  water  was  let  in  through  six  of  the  eight  valves,  and  the  dock 
tilled  in  thirty-five  miniites.  On  the  same  day  the  steamer  Sir  Will' 
iam  Fairbdirn,  of  the  Bessemer  Steamship  Company,  was  success- 
fully docked  in  two  hours,  and  without  injury  to  either  the  vessel  or 
the  dock.     See  Fig.  2,  Plate  XIII. 

The  work  of  filling  in  behind  the  slopes  was  completed  on  Ajiril 
12th,  1898.  The  material  used  for  filling  and  puddling  was  yellow 
clay  obtained  from  excavations  in  the  bluffs  back  of  the  marsh.  The 
excavated  material  was  also  used  in  bringing  the  marsh  to  grade  for 
the  construction  of  the  shipyard. 

The  power  house,  as  shown  in  Fig.  4,  includes  the  machine  shop, 
40  X  30  ft. ;  the  boiler  room,  32  x  46  ft. ;  the  coal  room,  10  x  46 
ft.,  and  the  engine  room,  36  x  56  ft.  There  is  an  iron  stack  6  ft. 
S  ins.  in  diameter,  and  about  75  ft.  high.  The  power  house  is  of 
brick  with  concrete  foundations.  Considerable  difficulty  was  ex- 
jjerienced  in  its  construction  on  account  of  its  proximity  to  the  dry 
dock  and  the  desire  of  the  company  to  commence  work  in  the  ship 
jard  by  October  1st,  1897.     This  compelled  the  building  of  the  power 
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liouse  before  the  walls  of  the  dock  could  be  put  in,  and  trouble  oc- 
curred when  the  bottom  of  the  dock  was  suddenly  raised,  as  described 
previously.  This  caused  a  movement  in  the  foundation  of  the  boiler 
room,  but  it  was  not  sufficient  to  render  it  dangerous  to  the  building. 
It  was  first  proj^osed  to  construct  the  engine  room  just  west  of  the 
boiler  room  and  close  to  the  dock,  and  the  excavation  was  made  for 
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Fig.  4. 
the  piimp  well  with  this  in  view;  but  in  making  this  excavation  a 
sudden  flow  of  gas  and  water  drove  the  men  out,  and  it  was  decided  to 
change  the  location  to  that  shown  on  the  plan.  In  the  work  there- 
after there  was  no  difficulty.  The  engine-room  contains,  besides  the 
jnimps  previously  described,  two  other  engines,  one  being  an  air  com- 
pressor and  the  other  an  electric  generator.     The  compressor  furnishes 
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air  at  80  lbs.  jn-essure  to  the  forges,  riveters  and  pneumatic  hoists  in 
the  shops.  The  generator  furnishes  electricity  for  operating  the  rolls, 
punches,  shears,  di-ills,  over-head  cranes,  wood-working  machinery, 
and  the  lights  in  the  yard  and  shops. 

The  boiler  room  contains  three  boilers,  with  sjjace  for  a  fourth 
should  it  be  needed. 

The  coal  room  has  a  capacity  of  about  100  tons,  and  is  arranged  so 
that  cars  can  be  run  overhead  and  unloaded  through  the  bottom. 

The  machine  shop  is  for  light  repairs  only,  the  company  having  its 
large  machine  shop  at  Cleveland. 

The  main  shops  of  the  shipyard  are  in  the  steel  building  shown  in 
Fig.  5  at  the  end  of  the  space  between  the  slijjs.  This  building  is  125 
ft.  wide  and  250  ft.  long,  and  has  a  second  floor  used  for  a  mould  loft, 
48  ft.  wide  and  250  ft.  long.  There  are  nine  bents  31  ft.  3  ins.  apart, 
and  the  intervening  spaces  are  filled  with  the  tools  and  machinery  for 
punching,  shearing  and  shaping  the  steel.  Two  over-head  cranes 
travel  the  length  of  the  building,  and  at  the  east  end  run  out  upon  a 
trestle-work  over  the  track  upon  which  material  is  received.  Attached 
to  the  columns  of  the  building  are  jib  cranes  ftirnished  with  pneumatic 
hoists  which  handle  the  material  at  the  various  tools.  At  the  south- 
east corner  of  the  building  there  is  an  extension  to  the  south,  contain- 
ing the  heating  furnaces,  oj^erated  by  crude  oil,  and  the  slabs  for 
bending  plates,  angles,  channels,  etc.  At  the  southwest  corner  and 
outside  of  the  building  there  is  an  over-head  crane  to  handle  the 
frames  and  to  tend  the  pneumatic  riveter. 

The  mould  loft  is  provided  with  wood-working  machinery,  and 
here  are  prepared  the  patterns  for  the  different  parts  of  the  ship. 
The  floor  is  a  drawing  board  upon  which  the  lines  of  the  ship  are 
laid  down. 

The  blacksmith  shop,  40  x  40  ft. ;  the  coal  room,  20  x  40  ft. ;  the 
joiner  shop,  40  x  100  ft.,  and  the  pipe  shop,  30  x  60  ft.,  are  supplied 
with  the  necessary  tools  and  machinery  for  their  work,  but  offer 
no  special  features  of  interest.  The  same  is  true  of  the  saw  mill, 
which  has  a  gang  saw  and  a  jig  saw  for  timber  work  on  wooden  ships. 

All  the  machinery  not  previously  mentioned  as  run  by  compressed 
air  is  operated  by  electricity,  except  the  hammer  in  the  blacksmith 
shop,  which  is  run  by  steam. 

The  office,  37  x  17  ft.,  contains  rooms  for  the  superintendent  and 
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his  clerks,  a  weighing  room  aud  a  toilet  room  on  the  lower  floor,  and 
a  parlor,  diuiug-room  aud  kitchen  up  stairs. 

The  shears,  for  lifting  engines,  boilers  and  other  heavy  articles  into 
aud  out  of  vessels,  are  located  on  the  river  front  between  the  dry  dock 
and  Slip  No.  1.     Their  caiiacity  is  60  tons. 

The  above-mentioned  structures  are  all  shown  on  the  general  plan 
(Fig.  5).  There  are  two  slii^s  which  are  dredged  out  to  a  depth  of  14  ft. 
The  sides  and  ends  are  protected  by  piling  aud  sheet  piling  anchored 
back  to  another  row  of  jjiles  as  shown  in  Fig.  1. 

Between  the  two  slips  are  two  berths  for  building  ships.  There  is 
also  room  for  another  berth  between  "  Slip  No.  1 "  and  the  dry  dock,  aud 
also  between  "  Sliii  No.  2  "  aud  the  south  boundary  of  the  property, 
but  at  present  only  two  are  eqiaipped  for  use.  The  ships,  when  under 
construction,  are  sujiported  upou  blocking  resting  ujjon  12  x  12-in. 
oak  timbers,  which,  in  their  turn,  are  supported  by  and  bolted  to 
piling.  There  are  six  rows  of  timbers  under  each  ship.  Over  each 
berth  there  is  a  traveling  crane  operated  by  electric  motors,  and  suji- 
ported  on  the  iron  and  timber  trestles  indicated  in  Fig.  5.  The  tojis  of 
these  trestles  are  35  ft.  above  the  ground.  The  cranes  handle  the  ma- 
terial from  the  shop  or  from  tramcars  on  the  railroad  track  below%  and 
place  the  plates  or  frames  where  desired  on  the  ship.  The  iron  trestle 
is  fixed  in  position,  and  the  timber  trestle  is  movable.  When  a  ship  is 
ready  for  launching,  the  timber  trestle  is  removed  by  the  overhead 
crane  and  carried  back  out  of  the  way,  leaving  the  side  of  the  ship  free 
towards  the  slip.     Vessels  built  upon  the  lakes  are  launched  sideways. 

The  result  of  the  work  has  been  very  satisfactory,  so  far  as  it  has 
at  present  been  tested  by  actual  use,  aud  the  indications  point  to  its 
becoming  more  satisfactory  as  its  various  jjarts  become  settled  into 
place  and  the  operatives  become  familiar  with  them. 

Since  the  completion  of  the  dock,  January  23d,  1898,  there  have  been 
ten  steamers  docked  and  repaired,  and  there  has  been  no  settlement 
or  change  of  shai^e  in  the  dock,  and  no  leakage  through  the  floor  or 
sides.  In  the  shipyard  there  was  launched,  on  April  13th,  1898,  the  steel 
steamer  Superioi'  City,  450  ft.  long  and  50  ft.  beam,  the  longest  shijD 
ever  launched  on  the  lakes.  There  are  now  three  other  steamers  under 
contract. 

Following  is  a  statement  of  the  cost  of  construction  of  the  Lorain 
dry  dock  and  shipyard. 
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Bill,  of  Material. 
Dry  dock. 

546—35'  white  oak  piles 19  110  lin.  ft. 

416—30'       "         "         "    12  4H0 

32:^—25'       "        "        "    8  075 


Total  white  oak 39  665 

18—30'  soft  wood  piles 540 

298—25'      "        "        <'    7  4r)0 

2  386—20'      "         "        "    47  720 


Total  soft  wood  piles .55  710       • ' 

290  880  feet  B.  M.  oak  timber. 
144  000     "       "       hemlock  timber. 

67  234     "       ''       jiine  timber. 
444  530     "       •'         "      sheet  piliug. 

32  000     "       "         "     boards  1"  thick. 

98  000     "       "         "     flooring  4"  thick. 

69  120     "       "       Oregon  fir  cross  timbers,  12"  x  18"  x  64'  long. 
208  000     "       "       white  i^ine  altars,  10"  x  14",  cut  diagonally. 

10  606  CTi.  ft.  American  Portland  Cement  concrete. 

60  000    "  yds.  dredging  and  excavating. 

Total  cost  of  material  and  labor  on  above  items $97  009  89 

"  "     steel  gate  and  A'alves 10  789  70 

"  "     pumps  and  engines  for  dock 4  512  53 

Freight  and  transferring 1  189  35 

Removing  coifer-dam  and  completing  approach 2  553  00 

Engineering  and  incidentals 6  456  68 


Total  cost  of  dry  dock S;i22  511  15 

Sfiipyard. 

Earthwork  (excavation  and  grading),  115  000  cu.  yds 20  118  58 

Shore  protection,  foundations  for  shiiJ-building  and  dredg- 
ing of  slips  and  river  front 40  038  10 

Steel  building  for  main  shops 15  352  96 

Brick  power  house  and  tunnel 14  379  64 


Total  cost  of  shipyard $  89  889  28 

Brought  forward,  cost  of  dry-dock 122  511  15 


Grand  total $212  400  48 

This  does  not  include  the  cost  of  tools,  machinery,  traveling 
cranes  or  engines  and  boilers,  except  the  dry  dock  pumps,  and  the  cost 
of  such  above-named  items  of  machinery  will  amount  to  about  $100  000. 
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WITH  DISCUSSION. 


During  the  summers  of  189G-97,  the  field  parties  engaged  in  the 
topographic  mapping  of  the  United  States  Geological  Survey  con- 
ducted careful  spirit  leveling  on  such  an  extended  scale  as  to  achieve 
results  which  for  cheapness  of  cost  and  excellence  of  quality  render 
them  notable.  This  is  especially  so  because  the  work  was  prosecuted 
in  a  systematic  manner  under  all  the  various  topographic  conditions  to 
be  found  in  the  United  States.  An  account  has  been  kept  of  the  cost, 
rate  of  speed  and  accuracy  of  this  work  with  such  detail  as  to  render 
its  publication  valuable  to  engineers  and  surveyors  everywhere.  With 
this  in  view,  and  a  hope  that  the  details  of  manipulation,  whereby  the 
results  were  obtained,  may  call  for  such  discussion  on  the  part  of  the 
members  of  the  Society  as  will  be  valuable,  not  only  to  them,  but  to 
the  future  level  work  of  the  Geological  Survey,  the  author  has 
attempted  to  assemble  the  various  noteworthy  facts  in  this  paper. 

The  Act  of  Congress  i^roviding  for  the  Sundry  Civil  Expenses  of 
the  Government  for  the  fiscal  year  1896-97,  included  among  the  items 
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of  appropriation  for  the  work  of  the  United  States  Geological  Survey 
the  following  new  legislation: 

"  For  topograi^hic  surveys  in  various  portions  of  the  United  States 
*  *  *  Provided,  that  hereafter  in  such  surveys  west  of  the  ninety- 
seventh  meridian,  elevations  above  a  base  level  located  in  each  area 
under  survey  shall  be  determined  and  marked  on  the  ground  by  iron 
or  stone  posts  or  permanent  bench-marks,  at  least  two  such  posts  or 
bench-marks  to  be  established  in  each  township  or  equivalent  area, 
except  in  the  forest-clad  and  mountain  areas,  where  at  least  one  shall 
be  established,  and  these  shall  be  placed,  whenever  i^racticable,  near 
the  township  corners  of  the  public  land  surveys;  and  in  the  areas  east 
of  the  ninety-fifth  meridian  at  least  one  such  post  or  bench-mark  shall 
be  similarly  established  in  each  area,  equivalent  to  the  area  of  a  town- 
ship of  the  public  land  surveys." 

The  United  States  Geological  Survey  has  been  severely  criticised 
in  the  past  for  failing  to  leave  marks  on  the  ground  in  the  form  of 
monuments  of  some  sort,  as  permanent  marks  of  the  measures  ob- 
tained in  the  prosecution  of  their  field  surveys.  The  above  was  the 
first  authority  given  by  Congress  for  the  leaving  of  such  permanent 
marks,  and  was  gratefully  accepted  by  all  connected  with  the  admin- 
istration of  the  Geological  Survey,  as  affording  an  opportunity  to 
remedy  a  well-known  defect  in  their  work.  Heretofore  the  work  of 
the  topographic  branch  of  the  Geological  Survey  has  been  directed 
entirely  to  the  making  of  a  topographic  map,  and  no  marks  have  been 
left  to  show  the  means  whereby  this  map  has  been  connected,  through 
the  surveys,  with  the  topography  of  the  land.  Since  the  passage  of 
the  above  Act,  permanent  marks  have  been  left  with  such  frequency  as 
will  not  only  show  fully  the  primary  instrumental  control  on  which 
the  surveys  have  been  based,  but  will  thoroughly  connect  the  majjs 
with  the  territory  surveyed.  These  marks  will  be  of  the  greatest  value 
in  the  extension  or  correction  of  any  of  the  topographic  surveys  of  the 
government,  or  of  any  kind  of  sixrveying  work  which  may  hereafter  be 
conducted  by  State  governments,  private  corporations  or  individuals. 

Plan  of  Work. — It  was  realized  in  the  beginning  by  the  framers  of 
the  above  Act  that  it  would  be  imj^ossible  to  establish  accurately  and 
mark  correctly  on  the  monuments  their  exact  height  above  sea  level, 
within  a  reasonable  period  of  time.  Any  attempt  to  do  this  would 
liave  necessitated  the  prior  running  of  thousands  of  miles  of  precise 
levels  in  order  to  reach  the  initial  points  within  the  various  areas 
under    topographic    survey,    and    this    would  have    cost    immense 
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sums  and  have  occnipied  several  years,  during  which  the  topographic 
surveys  would  have  continued  to  be  prosecuted  without  being  accom- 
panied by  spirit  levels  and  the  establishment  of  the  bench-marks  re- 
quired. The  Act  was  therefore  so  framed  as  to  permit  of  the  accept- 
ance of  some  point  within  each  area  under  topographic  survey  as  a 
central  datum  point  for  that  area,  and  the  elevation  of  the  initial  bench- 
mark established  there  was  to  be  determined  as  nearly  as  practicable 
from  existing  elevations  adjusted  by  railway  or  other  levels  brought 
from  the  sea.  In  consequence,  though  all  the  elevations  connected 
with  the  same  central  datum  point  agree  one  with  the  other,  yet  they 
cannot  always  be  reduced  to  exact  mean  sea  level,  because  of  the  dif- 
ferences between  the  primary  elevations  upon  which  the  work  in 
various  localities  is  based.  It  was  anticipated  that,  as  the  spirit  level 
work  is  extended  in  the  future  until  it  ultimately  rests  on  sea  level, 
the  elevations  determined  can  be  corrected  from  time  to  time  in 
publications,  so  that,  as  each  central  datum  point  is  reduced  to  sea 
level,  all  the  levels  resting  thereon  may  be  adjusted  to  that  level.  It 
is  worthy  of  note,  however,  that  nearly  half  of  the  work  of  the  first 
two  seasons,  diversified  though  it  was,  is  based  on  jirior  precise  levels; 
in  New  York  on  those  of  the  State  Canals  and  the  United  States  En- 
gineer Corps ;  in  some  portions  of  the  South  and  West,  on  those  of  the 
United  States  Engineer  Corps;  in  much  of  the  central  United  States, 
on  those  of  the  United  States  Coast  and  Geodetic  Survey,  and  of 
the  Missouri  and  Mississippi  River  Commission  Surveys;  on  both 
coasts,  on  tide  gauges;  and  in  much  of  the  South,  on  a  line  of  precise 
levels  run  by  the  Geological  Survey. 

A  study  of  the  Act  of  Congress  referred  to  shows  that  in  the  coun- 
try west  of  the  Mississippi  Valley  two  permanent  bench-marks  are  to 
be  left  in  every  36  square  miles,  excepting  in  heavy  mountainous  and 
wooded  country,  and  east  of  the  Mississippi  where  one  is  to  be  left  in 
every  36  square  miles.  Thus  in  the  eastern  States  such  permanent 
marks  are  to  be  jilaced  apjjroximately  6  linear  miles  apart. 

It  was  at  once  decided  that,  in  addition  to  determining  the  eleva- 
tion of  these  bench-marks,  they  should  be  instrumentally  connected, 
with  the  horizontal  measures  made  in  the  course  of  the  topographic 
surveys,  but  with  only  such  accuracy  as  would  permit  of  their  being 
correctly  plotted  on  the  resulting  maps.  It  was  also  decided  that  the 
location  and  elevation  of  these  bench-marks  should  be  published  in 
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two  ways:  First,  by  au  appropriate  symbol,  the  letters  B.  M.  and  the 
elevation  to  the  nearest  foot  i)rinted  on  the  published  atlas  sheets; 
second,  by  lists  of  bench-marks  with  a  full  description  of  each  and  its 
exact  elevation  above  mean  sea  level  to  a  thousandth  of  a  foot,  as  re- 
ferred to  the  various  central  datum  points;  these  to  be  published  in 
the  annual  reports  of  the  Director  of  the  United  States  Geological 
Survey,  of  which  the  first  has  already  been  issued.  These  elevations 
are  to  be  corrected  by  publication  from  time  to  time  as  connections 
are  made  with  mean  sea  level. 

Bench- Maries. — That  these  bench-marks  should  be  of  the  most  sub- 
stantial and  attractive  character  consistent  with  reasonable  cost  was 
at  once  appreciated,  and  after  a  careful  study  of  the  various  forms 
used  by  other  government  and  city  surveys,  three  standard  types  were 


Fm.  1, 

selected.  First,  circular  bronze  or  aluminum  tablets  (Fig.  1),  3^  ins. 
in  diameter  and  \  in.  thick,  apjjropriately  lettered  as  shown.  These 
were  to  be  used  for  the  central  datum  points,  and  in  such  places  as 
(^all  for  an  attractive  mark.  They  are  cemented  into  the  walls  of  pub- 
lic buildings,  bridge  abutments  and  other  substantial  masonry  struct- 
ures, or  into  rock,  by  a  stem  3  ins.  long  let  into  a  drill  hole.  The 
iigures  "1810"  and  the  name  "Fonda,"  as  shown  in  Fig.  1,  are 
stamped  on  the  tablet  after  it  is  placed  in  position. 

The  second  form  consists  of  copi^er  bolts  (Fig.  2),  4  ins.  long  and 
1  in.  in  diameter,  fastened  into  other  masonry  structures,  or  into  rock, 
by  driving  them  on  a  brass  wedge  placed  in  the  bottom  of  a  vertical 
drill  hole,  so  that  the  surface  of  the  bolt  is  horizontal  and  forms  the 
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zero  of  the  bench-mark.  The  figures  "24G,"  shown  iu  Fig.  2,  are 
stamped  with  sei^arate  dies  after  the  bolt  has  been  placed  in  position. 
The  third  form,  to  be  emjaloyed  where  masonry  or  rock  is  not  accessible, 
consists  of  hollow  wrought-iron  posts,  4  ft.  6  ins.  in  length,  3^  ins.  iu 
outer  diameter,  split  at  the  bottom  and  expanded  to  12  ins.,  so  as 
to  prevent  either  the  easy  subsidence  of  the  post  or  its  being  malici- 
ously pulled  out  of  the  ground.  Into  the  top  of  this  post  is  riveted  a 
bronze  tablet  similar  to  that  first  described,  and  the  iron  is  heavily 
coated  with  hot  asphalt.  These  posts  are  buried  in  the  earth,  with  only 
1  ft.  of  their  length  projecting  above  the  surface,  and  wherever  possible 
a  flat  stone  is  placed  in  the  bottom  of  the  hole  as  a  suitable  foundation. 
The  method  of  mai'king  these  bench-marks  was  determined  upon 
only  after  serious   discussion  of  all  the  political,  instrumental  and 
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Fig.  3. 
economical  features  bearing  upon  it.  Thus,  in  order  that  they  should 
be  so  marked  as  to  fulfil  the  api)arent  intent  of  Congress  and  supply 
the  popular  demand  by  showing  the  approximate  elevation  above  sea 
level,  it  was  decided  that  they  should  not  be  given  ordinary  serial 
numbers,  but  that  the  approximate  elevation  above  mean  sea  level,  to 
the  nearest  foot,  should  be  stamped  upon  them,  and  that  these  figures 
should  constitute  their  numbering.  It  was  soon  found,  however,  that 
the  elevation  above  sea  level,  as  determined  for  a  given  point,  might 
be  changed  several  times  during  a  season,  or  within  a  few  seasons, 
and  that  this  might  change  by  several  feet  the  relative  elevations 
stamped  on  two  bench-marks  adjacent  to  one  another.  Therefore,  to 
satisfy  both  conditions — the  popular  demand  for  sea-level  heights  and 
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the  engineering  demand  for  exact  differences  between  adjacent  bench- 
marks— the  following  method  has  been  adopted: 

The  elevation  above  mean  sea  level  to  the  nearest  foot,  as  determined 
at  the  time  of  running  the  levels,  is  stamped  ujion  the  bench-mark, 
with,  in  addition,  an  abbreviation  of  the  name  of  the  central  datum 
point.  Thus,  for  an  elevation  depending  on  North  Creek,  New  York, 
the  mark  on  the  bolt,  post  or  tablet  would  be,  say,  "1728  N.  C. "  If 
this  particular  datum,  by  connection  with  precise  levels,  was  found 
the  next  year  to  be  in  error  by  about  5  ft. ,  future  bench-marks  in  that 
neighborhood  would  be  stamped  as  resting  upon  a  different  datum, 
that  of  Fonda,  from  which  the  check  was  obtained,  and  the  next  bench- 
mark to  that  above  cited  might  be  stamped  "1810  Fonda."  An  en- 
gineer running  between  these  two  and  finding  them  to  disagree,  ac- 
cording to  his  levels,  by  5  ft.,  would  at  once  realize  that  the  letters 
"N.  C."  or  the  name  "Fonda"  carried  some  special  meaning,  and 
would,  doubtless,  write  to  the  office  of  the  Geological  Survey  to  inquire 
what  it  was. 

Arrangement  of  Work. — After  a  careful  study  of  instruments  and 
methods,  it  was  decided  that  the  work  should  be  of  the  highest  attain- 
able character  of  sjiirit  leveling,  but  not  of  such  a  quality  as  would 
classify  it  as  precise  or  geodesic  leveling.  In  order  to  check  and  elim- 
inate the  errors  incidental  to  such  work,  it  was  decided  that  all  lines 
of  levels  run  within  an  area  under  topographic  survey  should  be  so 
arranged  as  to  close  back  on  themselves  in  circuits  or  polygonal 
figures,  these  lines  to  be  run  by  a  single  levelman  and  rodman,  when 
the  closures  of  the  various  circuits  would  at  once  lead  to  the  detection 
of  any  gross  errors.  Where,  however,  a  central  datum  point  was  of 
necessity  chosen  without  the  area  under  survey,  it  was  decided  that 
instead  of  closing  back  in  a  circuit  on  this  central  datum  point,  the 
direct  line  to  the  field  of  topographic  survey  should  be  run  by  a 
levelman  and  two  rodmcn  in  such  manner  as  to  make  it  a  double 
rodded  line.  Thus,  each  rodman  is  to  hold  on  separate  back  and  fore 
turning  points  so  as  to  produce  a  duplicate  line  of  levels  on  separate 
turning  points  and  bench-marks.  On  reaching  the  area  under  topo- 
graphic survey,  one  rodman  was  to  be  dispensed  with. 

In  order  to  establish  a  grade  of  accuracy  for  the  work,  as  nearly 
uniform  as  practicable,  the  general  instructions,  given  in  the  Ap- 
pendix, page  377,  were  issued. 
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Limits  of  Error. — The  essential  test  of  the  work  was  that  "the  limit 
of  error  in  feet  between  duplicate  determinations  of  the  elevation  of  a 
point  should  not  exceed  .05  y  distance  in  miles,  and  that  when  this 
error  was  exceeded  the  level  line  must  be  re-run."  It  will  be  observed 
that  this  limit  of  error,  which  is  really  the  test  of  closure  of  a  circuit, 
or  of  agreement  between  two  lines  of  a  double  rodded  line,  is  a  com- 
paratively high  one.  It  is  somewhat  less  severe  than  the  limit  set  by 
the  United  States  Coast  and  Geodetic  Survey  and  some  similar 
organizations  for  their  geodesic  leveling,  that  limit  approximating 
.03  ft.  V  distance  in  miles.  It  is  still  less  severe  than  the  limit  set 
by  the  Missouri  River  Commission,  which  is  a  little  over  .02  ft. 
V  distance  in  miles.  It  is  nearly  as  severe  as  the  limit  set  by  the 
United  States  Engineer  Corps  Survey  of  the  Great  Lake  Region, 
which  was  .04  ft.  "v/  distance  in  miles;  yet  in  all  cases  these  organiza- 
tions were  doing  precise  or  geodesic  leveling,  while  this  work  is  but 
good  spirit  leveling  of  a  kind  designated  by  the  Geological  Survey  as 
primary  leveling.  Moreover,  it  is  known  that  the  work  of  these  organi- 
zations has  not  always  been  Avithin  the  limit  of  accuracy  set ;  while,  as 
will  be  shown  hereafter,  that  of  the  Geological  Survey  was  always  kept 
well  within  the  limits  fixed  and  by  the  best  possible  method  of  test, 
not  that  of  duplicate  rodding  alone,  but  by  actual  closure  on  the 
initial  point. 

Instruments. — After  careful  investigation  of  the  various  instruments 
suitable  for  this  work,  it  was  decided  that  the  20-in.  engineer's  level 
made  by  Messrs.  Gurley  «fe  Comjiany  of  Troy,  N.  Y. ,  would  fill  the 
requirements,  and  that  the  New  York  rod  made  by  the  same  firm  and 
furnished  Avith  plumbing  levels  and  with  a  specially  constructed  foot 
plate  would  be  the  most  suitable  rod.  It  is  believed  that  the  results 
obtained  fully  justify  the  wisdom  of  the  selection.  The  only  change 
made  in  the  rods  from  those  regularly  furnished  was  in  making  the 
foot  plate  a  truncated  pyramid,  the  bottom  of  which  was  but  1  in. 
in  width.  This  was  in  order  to  keep  it  more  free  from  dirt  and  to 
necessitate  its  being  balanced  more  accurately  on  the  top  of  the  steel 
turning  peg  and  with  such  care  as  would  insure  its  being  placed  ex- 
actly on  the  same  point,  both  of  the  turning  peg  and  the  base  of  the 
rod,  for  each  setting.  The  only  change  made  in  the  instrument  from 
the  regular  form  was  by  increasing  the  sensitiveness  of  the  level  bubble 
by  using  bubbles  graduated  to  ten  seconds  of  arc.      This  requires 
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f»;reater  care  ou  the  part  of  the  instrnmentman  in  leveling'  his  iustru- 
ment  and  for  the  length  of  sight  adopted  gives  a  degree  of  accuracy 
well  within  the  limit  of  setting  and  reading  a  target  to  thousandths  of 
a  foot. 

Extent  and  Cost. — During  the  past  two  field  seasons  this  work  was 
l)rosecuted  by  nearly  one  hundred  leveling  liarties  working  in  sixty 
separate  areas  widely  distrib;ited  throughout  the  United  States. 
Table  No.  1  shows  in  a  general  way  the  localities  under  survey  in  the 
season  of  1896,  and  gives  other  ))ertinent  data  connected  therewith. 

TABLE  No.   1. — Cost  of  Leveling  per  Mile  in  Vabious  States. 


iVlabama 

Arkansas 

California 

Colorado 

Delaware 

(reor^ia 

Idaho 

Illinois 

Indian  Territory. 

Iowa 

Kansas 

Maryland    

Michigan 

Missouri 

Montana 


CO 

1    1 

^ 

o-g 

$ 

<B 

!~   5 

11  c 

11 

11  ! 

^§ 

g 

.Q 

65 

10 

$4.30  ' 

179 

15 

3.75 

338 

73 

11.27 

404 

77 

5.80 

40 

14 

2.80 

278 

38 

4.30 

140 

25 

7.53 

139 

7 

4  174 

700 

236 

43 

3.98 

43 

15 

130 

30 

3.80 

90 

6 

4.59 

310 

35 

3.90 

203 

29 

4.49 

Nebi'aska 

New  York 

North  Carolina. . . 

North  Dakota 

Oregon 

South  Dakota 

Texas 

Vermont 

Wasliington 

West  Virginia 

Wyoming 


Totals  and  aver 
age 


1) 

"o^ 

ll 

b  e3 

o 

Si 

» 

2i  a> 

g 

fi 

365 

100 

925 

105 

597 

108 

76 

16 

130 

21 

320 

42 

1098 

222 

40 

8 

186 

40 

180 

35 

304 

58 

10  968 

1924 

O.E 


3.66 

4.15* 

6.53 

3.26 

2.79 

4.44 

3.80 

8.44 

4.44 

8.17 


$4.78 


*  Of  the  597  miles  run  in  North  Carolina,  457  miles  were  precise  levels,  which  were 
run  at  a  cost  of  $5  per  mile.  The  average  cost  shown  in  the  table  is  for  the  ordinary 
l)i-iiiiary  levels  only. 


Qnrdifi/  and  Accuvici/. — In  every  case  only  experienced  levelmen 
were  employed.  In  the  East  these  were  chiefly  men  Avho  had  been 
employed  on  the  State  Canals  of  New  York  and  in  the  West  chiefly 
old  railroad  civil  engineers  and  surveyors.  They  were  under  the  im- 
mediate direction  of  the  topographers  of  the  Geological  Survey, 
l)ermanent  employees  who  are  imbued  with  a  high  appreciation  of  the 
care  required,  and  whose  familiarity  with  the  method  of  conducting 
field  parties  relieved  the  levelmen  of  many  of  the  petty  annoyances 
connected  with  party  management.  Too  much  praise  cannot  be  given 
tliese  levelmen  for  the  care  and  fidelity  with  which  they  performed 
their  work,  as  evidenced  by  the  results.    In  nearly  every  case  they  were 
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actuated  by  a  spirit  uf  ouiulutiou  aud  rivalry  to  secure  good  results, 
and  at  the  least  expense  of  time  and  money,  as  compared  with  work 
conducted  by  other  parties  under  similar  conditions. 

As  will  be  observed  from  Table  No.  1,  there  were  run,  during  the 
season  of  1896,  10  968  linear  miles,  resulting  in  the  establishment  of 
1  924  permanent  bench-marks  and  appro.ximately  6  000  other  bench- 
marks at  such  points  as  top  of  rail  at  stations,  abutments  of  bridges, 
corner  stones  of  buildings,  nails  in  roots  of  trees,  etc.  The  average 
cost  of  this  work,  including  the  salaries  of  the  levelmen  and  rodmen 
and  their  living  expenses  in  the  field,  but  not  the  cost  of  jjurchasing 
instruments  and  outfit,  was  at  the  rate  of  §4.78  per  linear  mile  run. 

Table  No.  2  gives  a  list  of  some  of  the  circuit  closures. 

TABLE  No  2. — SnowiNci  Loc  alities    of    Wokk,  Lengths   of  Closed 

ClKCTJITS,  CliOSUKP:   EURORS,  AND  LeVETjMEN. 


stale. 


New  York , 

Maryland 

Delaware 

West  Virginia. 
North  Carolina 

(ieorgia 

Alabama 

Michigan 

Iowa 

South  Dakota  . 

Nebraska 

Missouri 

Arkansas 

Illinois 

Montana 

Colorado 

Texas  ...'.'.'.'..'. 

Idaho 

Washington. . . 

Oregon 

Calil'ornia 


Locality. 


Length 

of 
circuit. 


Closure 
error. 


Levelraan. 


I  Miles. 

Adirondacks 80 

69 

Utica 35 

Auburn 29 

Skaneateles 45 

Lockport 17.5 

Elkton 2(i 

Dover 112 

94 

St.  Albans I  30 

Brevard 52 

Elli.iav 33 

Rock  "Run 30 

Champion 32.5 

Dubucjue 41.5 

Yankton 110 

Sidney 75.5 

DeScto (50.5 

Hot  Springs i  21 

Havana 20 

Uoidder ,  80 

Big  Horn  Basin .  3(J 

Durango 19 

Boone 95 

Uvalde 41 

51 

San  Antonio. . . .  ^    195 

Red  Fish  Lake.  70 

Moimt  Stuart  . .  I  70 

Portland 42 

Stockton 170 

Mount  Diablo  . .  72 

'"  . .  57 

Karquines |  33 


Feet. 
0.020 
0.016 
0.042 
0.027 
0.395 
0.051 
0.007 
0.284 
0.216 
0.058 
0.014 
0.0&3 
0.043 
0.270 
0.343 
0.608 

*0.260 
0.082 
0.370 
O.OSO 
0.295 
0.120 
0.145 
0.208 
0.018 
0.103 
0.420 
0.240 
0.150 
0.100 

*0.100 
0.183 
0.235 
0.120 


Clark  Brown. 

A.  F.  Krause. 

A.  B.  Pomnie. 

A.  B.  Pomnie  and  E.  L.  McNair. 

A.  B.  Pomnie. 

E.  L.  McNair. 

O.  L.  Pettibone. 

O.  L.  I'l'ttihoncandC.  (ioldsborougli. 

C.  (ioldsborciugh. 

H.  Wood. 

E.  L.  Faison. 

T.  S.  Mauldin,  Jr. 

J.  A.  McDonough. 

E.  C.  Bebb. 
G.  W.  Newell. 
Alfred  Tyler. 
H.  M.  Trippe. 

A.  F.  Montmorency. 
H.  L.  Muldrow. 
C.  H.  Dana. 

F.  B.  Whit  look. 

E.  W.  Glafcke. 
C.  W.  Beach. 
J.  C  Barber. 
R.  H.  Gresham. 
W.  W.  Campbell. 
J.  A.  Hlnman. 
A.  B.  Searle. 

F.  L.  Cole. 
C.  C.  Ward. 

J.  B.  Lippincott. 

J.  A.  Vogelson  and  G.  H.  Herrohl. 

G.  II.  Herrold. 
J.  A.  Vogelson. 


*  The  lines  marked  with  an  asterisk  were  double  rodded.  and  the  errors  given  repre- 
■<ent  the  divergence  between  the  two  rods. 
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As  might  necessarily  be  expected,  there  is  a  wide  divergence  in 
the  quality  of  these  lines,  though  practically  all  are  within  the  limits 
of  error  established.  It  is  believed  that  the  differences  in  quality 
may  be  ascribed  chiefly  to  the  differences  in  men  and  the  topography 
of  the  country  leveled,  as  the  other  elements  were  practically  the 
same  in  every  case.  The  effect  of  different  men  on  the  work  is  less 
pronounced  than  the  eflt'ect  of  the  topography.  This  was  shown  by 
the  fact  that  the  poorest  closure  errors  were  invariably  obtained  in  the 
roughest  mountain  country,  and  it  may  be  added  that  the  really  bad 
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ceedingly  rough  coun- 
try. 

A  study  of  the  above 
results  will  convince 
any  one  of  the  high 
quality  of  this  work. 
In  the  majority  of 
cases  it  is  as  good  as 
the  best  precise  or 
geodesic  leveling;  in 
not  a  few  it  surpasses 
this  in  quality.  It  is 
believed  that  a  careful 
perusal  of  these  re- 
sults, coupled  with  a 
consideration  of  their 
*  KiG.  3.  low     cost     and     high 

speed,  will  at  once  cast  doubt  upon  the  desirability  of  running  geodesic 
levels  of  precision,  as  compared  with  spirit  levels  of  precision,  as  the 
latter  are  hereafter  described.  A  further  analysis  of  the  resiilts  con- 
tained in  the  foregoing  tables  shows  that,  in  1896,  twenty-nine  parties, 
exclusive  of  those  in  the  Indian  Territory,  working  in  as  many  widely 
separated  portions  of  the  United  States,  closed  111  polygonal  cii-cuits 
having  an  average  length  of  about  51  miles.  The  minimum  closures 
were  so  good  as  to  be  represented  by  the  coefficient  .02  in  the  formula 
already  given,  the  maximum  closures  were  within  the  quantity  ob- 
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tained  by  using  the  coefficient  .05,  and  the  mean  a.s  low  as  that 
obtained  by  using  the  coefficient  .03.  It  is  therefore  seen  that  some 
of  this  work  is  as  good  as  that  obtained  by  the  highest  order  of  pi'e- 
cise  or  geodesic  leveling,  the  mean  was  as  good  as  that  attempted  by 
the  United  States  Coast  and  Geodetic  Survey,  and  most  European 
precise  leveling,  while  that  having  the  maximum  error  was  good.  Dur- 
ing the  second  and  last  season  of  primary  leveling,  that  of  1897,  there 
were  in  the  field  thirty-six  parties,  exclusive  of  those  in  the  Indian 
Territory,  and  the  mileage  run  by  these  was  at  least  one-third  greater 
than  that  run  in  the  season  of  1896,  above  tabulated,  whereas  the 
closures  were  equally  good,  none  exceeding  the  limit  given  in  the 
instructions. 

Method  of  Obserrinf/. — A  few  of  the  minor  details  of  the  methods 
emj)loyed  in  i^erforming  the  spirit  level  work  of  the  Geological  Survey 
will  now  be  described.  The  examples  chosen  have  been  selected  as 
giving  a  fair  average  for  cost  and  time  of  running  in  typical  regions. 

The  most  difficult  and  expensive  bit  of  leveling  done  in  the  prose- 
cution of  this  work  iu  the  eastern  States  in  1896  was  on  the  upper 
Hudson  in  the  Adirondacks.  Here  265  miles  of  levels  were  run,  43 
permanent  bench-marks  and  353  tempoi'ary  bench-marks  were  placed, 
as  shown  in  the  diagram  sketch,  Fig.  3.  The  leveling  was  done  by 
Messrs.  Clark  Brown  and  A.  F.  Krause,  levelmen.  The  average  cost 
of  this  work  per  mile  run,  for  the  season,  including  salaries  and  all 
other  expenses,  was  $6.67,  and  the  quality  is  indicated  by  the  closure 
errors  corresponding  to  miles  of  circuit  shown  in  the  diagram. 

Fig.  4  is  a  diagram  sketch  of  a  typical  bit  of  flat-country  leveling 
near  Eome,  Ga.,  by  one  jjarty,  with  J.  A.  McDonough  as  levelman, 
and  shows  the  closure  errors  corresponding  to  miles  of  circuit  run. 
In  the  i^rosecution  of  this  work  210  miles  of  levels  were  run,  26  per- 
manent bench-marks  and  246  temporary  bench-marks  were  placed,  and 
the  average  cost  of  this  work,  including  salaries,  was  at  the  rate  of 
1^3.60  per  linear  mile  run. 

A  more  careful  analysis  of  the  results  and  cost  of  leveling  in  the 
above  two  localities  shows  that  in  the  Adirondacks,  on  the  basis  of 
one  leveling  party,  there  were  in  all  188  working  days  during  which 
265  linear  miles  of  levels  were  run,  at  a  total  cost  of  $1  767.  This  cost 
was  divided  nearly  equally  between  salaries,  $827,  and  living  and 
traveling  expenses,  $940.     Accordingly   this   party  cost,  per  average 
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Avorkiug  day,  $9.40;  also  .1^6.67  per  linear  mile  of  levels  ruu,  and  their 
speed  was  at  the  rate  of  1.4  miles  per  -working  day. 

In  the  comparatively  level  country  in  Alabama,  the  total  number  of 
working  days  for  one  party  was  84,  and  the  total  expenses  $757,  of 
which  $435  was  for  salaries  and  $322  for  living  and  traveling  expenses. 
The  Adirondack  parties  lived  on  the  country,  that  is,  in  hotels  and 
farmhouses,  and  they  hired  conveyances.  The  Alabama  party  lived 
in  cami^;  the  camp  equipment  consisting  of  one  large  wagon  with 
tents,  and  a  cook  who  drove  the  camji  wagon,  which  was  moved  about 
every  third  day.  The  average  cost  of  maintaining  this  party  was  $9 
per  working  day,  and  this  cost  was  at  the  rate  of  $3.60  per  mile  run: 
the  speed  being  2.5  miles  per  day. 

ROME  SHEET 1°  general,  the  de- 

tails of  the  most  ap- 
proved methods  of 
running  these  levels, 
as  practiced  by  the 
more  successful  of 
the  levelmen,  may  l>e 
stated  as  follows. 

The  rodman,  after 
examining  and  wiping 
the  bottom  of  the 
level  rod,  standing 
behind  it,  balances  it 
Fig  4  vertically  on  a  bench- 

mark or  a  steel  turning  j^oint  firmly  driven  into  the  ground.  He  waves 
it  back  and  forth  gently  as  he  balances  it,  so  that  the  levelman  may  see- 
that  it  is  plumb  in  the  direction  of  the  line  of  sight,  and  the  latter  calls 
to  him,  not  by  signaling  with  the  hand,  but  by  word  of  mouth,  the  exact 
figures  on  which  to  set  the  target.  The  rodman  then  takes  down  the 
rod,  sets  the  target,  clamps  it  and  again  holds  it  on  the  turning  point, 
when  the  levelmen  may  call  to  him  to  raise  or  lower  it  one  or  more 
thousandths.  Reclamping  the  target  as  directed  he  now  levels  the 
rod  carefully  by  watching  the  fore  and  back  plumbing  level,  the  level- 
man  waving  him  to  level  it  across  the  line  of  sight  as  indicated  by  the 
vertical  cross-hair.  The  levelman,  having  his  instrument  well  planted . 
and  sighting  first  at  the  rod  and  then  examining  the  level  bubble,  if  hf 


0-/      As...u,urr,lllf 

<t-y 

X  / 

r^Alpine      y    ^^^  KaHaw 

oV    / 

\        ^  (       41  Miles  />-t.'^'"""''"'' 
Jrooiu  Town     o.37;^^F'«'i'')«» 

legend:         N  ] 

-  >  BRONZE  TABLET      /+ 

*  COPPER  PLUG         / 

+  IRON  POST              / 

83  M"iLEs\    /     37  Miles     I 

0.216        [             0.048         \Ay<.<Hk 

\           I   li,.La vender           / 

/ 

■Tulipft  /\         ^-- — -.^  C      ,._,„„. 

^Gayks 

'■  /■ 53  Miles      / 

Uedar  Bluff 

\^^ 

\+-Sandeys      o.216       4si!<  Mile 

AHoweii    \         ;•                ; 

...              \                   ■            /ros,Uns  .Mill      / 

Moshat         .\whai-ton\           (                            /+ E„.-li„ 

/t      Key  7 

/ 

/  30  Miles     ^^ 

Lumi.kinL;<;»"'  '*'"'/^y 

v.  .  0.043 

VJ            yLawson)  /*■" 

\Scrugffiiis 

Kock  Ruu           ^°-^    /*" 

85  00' 


WILSON    OX    SPIUIT    J,KVEL1NG.  351 

tiudK  the  target  c^xactlj  set  at  the  saiuc  time  that  the  iustruiuent,  an 
shown  by  the  bubble,  is  exactly  level,  calls  out  "plumb,"  which  ex- 
pression, or  some  equivalent  thereto,  is  instantly  repeated  by  the  rod- 
man  if  he  tiuds  his  rod  plumb,  and  if  the  target  is  Ihen  perfectly  set, 
the  levelman  gives  the  signal  "  all  right  ";  if  not,  he  calls  again  to  the 
rodman  the  amount  by  which  the  target  is  to  be  raised  or  lowered,  and 
the  same  operation  is  rei)eated  until  the  rod  is  found  to  be  jirecisely 
plumb  at  the  same  instant  that  the  instrument  is  level  and  the 
horizontal  cross-hair  bisects  the  clami)ed  target. 

The  rodman  reads  the  rod  and  records  his  reading  before  he  re  ■ 
moves  his  turning  point,  and  then,  extracting  it,  he  shows  the  rod  to 
the  levelman  as  they  pass,  the  latter  reading  and  recording  the  same. 
Both  at  once  comiiute  the  height  of  instrument  and  ccmi:are  results 
withoiit  having  made  any  remarks  one  to  the  other  concerning  the  rod 
reading,  and  if  the  results  differ,  as  stated  in  the  instructions,  they 
then  both  re-read  the  rod,  re-compute,  and  if  the  difference  still 
exists,  they  must  go  back  to  the  nearest  bench-mark  and  re-run  that 
much  of  the  line.  "When  a  target  setting  falls  above  the  6.5-ft.  mark, 
at  which  point  is  the  break  in  the  jointed  rod,  the  closure  of  the  rod 
at  this  point  must  be  examined  by  both  to  make  sure  that  it  is  per- 
fect, otherwise  the  joint  must  be  cleaned  or  a  correction  made  for  the 
failure  of  the  rod  to  properly  close. 

Double  Target  and  Double  Rodiled  Levels. — It  occasionally  becomes 
necessary  in  the  course  of  this  work  to  run  a  long  single  rodded  line  of 
levels,  when,  as  a  spscial  provision  against  errors,  the  following  addi- 
tional precaution  is  taken.  Instead  of  setting  and  reading  the  target 
once,  it  is  set  and  read  twice,  by  the  levelman  first  signaling  the  target 
to  a  setting  up  or  down,  when  it  is  clamped,  read  and  recorded  by  the 
rodman,  who  then  loosens  the  target,  continues  to  move  it  in  the  same 
direction  in  which  it  was  going  for,  say,  a  tenth  of  a  foot,  when  he  is 
then  signalled  to  a  setting  in  the  opposite  direction.  This  gives  a 
double  target  reading  on  each  turning  point,  and  the  method  of  mak- 
ing these  tends  to  eliminate  parallax  in  target  clamping.  If  the  two 
readings  differ  by  more  than  two  thousandths  of  a  foot  ad<litional 
settings  are  made.  As  the  rodman  and  the  levelman  pass,  the  latter 
reads  the  target,  which  is  left  clamped  at  the  last  setting,  and  the  rod- 
man,  though  he  records  all  readings,  uses  in  his  computations  only  the 
first  of  the  pair  adopted,  while  the  levelman  uses  the  last.     The  effect 
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of  this  is  to  average  the  personal  equation  in  reading  the  target,  which 
may  amount  to  one  or  two  thousandths. 

Frequently,  when  necessary  in  the  course  of  such  work  to  run  long 
direct  lines  from  the  chosen  datum  to  the  field  of  work,  and  these  lines 
are  not  checked  by  a  circuit  closure,  they  are  checked  by  double 
rodding  them,  that  is,  by  using  two  rodmen  with  one  levelman,  the 
result  of  which  is  to  run  a  double  or  duplicate  line  with  one  in- 
strument. Many  of  such  lines  were  run  in  the  Indian  Territory,  also 
a  line  in  Nebraska  and  the  line  from  Stockton  to  Merced,  California. 
They  are  included  in  Table  No.  1.  The  details  of  running  in  this  class 
of  work  are  practically  the  same  as  those  given  for  single  rodded  lines, 
with  the  exception  that  some  of  the  salient  features  introduced  into 
the  precise  leveling  hereafter  described  are  added  in  the  practice  of 
this  class  of  work.  Experience  with  such  double  rodded  lines  during 
the  past  two  seasons  indicates  that,  unless  run  by  precise  methods, 
about  as  good  results  are  obtained  and  at  mvich  less  cost  by  the 
method  of  single  rodding  with  two  or  more  target  settings.  Where 
long  direct  lines  have  to  be  run  over  comparatively  level  country  or 
along  railways,  it  has  been  found  to  be  quicker  and  cheaper  to  employ 
two  rodmen  and  an  umbrella  holder;  the  two  rodmen  not  working  as 
for  a  double  rodded  line,  biat  alternating  in  such  a  manner  that  the  level- 
man  backsights  on  A,  foresights  on  B  and  then  passes  ahead  of  B,  the 
rodman  A  going  still  beyond  the  levelman  so  that  the  latter  back- 
sights next  time  on  B  (Fig.  9).  This  method  of  rotation  makes  the 
levels  go  much  more  rapidly,  while  the  use  of  the  umbrella  in  warm 
weather,  by  shading  the  instrument,  renders  it  possible  to  level  it  so 
much  more  rapidly  as  to  more  than  compensate  for  the  additional  cost 
of  the  laborer. 

Precise  Leveling. — The  State  of  North  Carolina,  in  co-operation 
with  the  railways  in  that  State,  decided  during  the  fall  of  1896  to 
have  a  line  of  precise  levels  run  from  the  sea  coast  at  Morehead  City 
via  Asheville  to  the  Tennessee  State  line  at  Paint  Rock,  a  distance  of 
457  miles,  in  such  a  manner  as  to  cross  every  line  of  railway  in  the 
State,  and  thus  reduce  its  elevations  to  sea  level.  A  study  of  the 
results  obtained  in  sjiirit  leveling  by  the  United  States  Geological 
Survey  induced  the  North  Carolina  officials  to  ask  that  bureau  to 
suggest  the  methods  and  instruments  to  be  employed  in  this  work 
and   to   supervise   its   prosecution.      This    duty   devolved   upon   the 


WILSON   ON   SPIRIT   LEVELING.  353 

author,  and  after  a  thorough  examination  and  test  of  the  various 
methods  emijloyed  throughout  the  world  in  levels  of  iDrecision,  an 
improved  spirit-level  was  selected,  and  spirit-level  methods  adojited 
in  preference  to  geodesic  methods,  and  it  is  believed  that  the  results 
given  hereafter  justify  the  adoption  of  these  methods. 

The  reasons  for  selecting  spirit-level  methods  as  distinguished 
from  geodesic  methods  for  such  work  should  be  stated.  Primarily  it 
was  known  that  Mr.  0.  H.  Van  Ordeu,  assistant  of  the  United  States 
Coast  and  Geodetic  Survey,  detailed  as  precise  levelman  to  the  Massa- 
chusetts Topographic  Commission,  ran  a  careful  double  line  of  precise 
levels  from  mean  sea  at  Boston  to  the  old  Coast  Survey  "Gristmill" 
bench-mark  at  Greenbush,  near  Albany,  N.  Y.,  and  that  the  agi'eement 
between  them  was  quite  as  close  as  is  usual  in  geodesic  levels.  The 
old  Coast  Survey  elevation  brought  from  New  York  in  1877  was 
14. 730  ft.  above  mean  sea  level,  and  the  Massachusetts  Topographic 
Commission  value  brought  from  Boston  was  14.070  ft.  To  determine 
which  was  correct,  the  Coast  Survey  had  Mr.  Van  Orden  run  a  line  of 
geodesic  levels  in  1895  between  Albany  and  New  York,  paralleling 
their  first  line,  which  gave  a  value  of  13.220  ft.  for  this  bench-mark. 
It  will  thus  be  seen  that  Van  Orden's  spirit  level  determination  of  the 
l)ench-mark  is  nearly  a  mean  of  the  two  geodesic  determinations.  It 
may  be  further  stated  that  as  a  result  of  the  above  work  Professor  T. 
C.  Mendenhall,  Superintendent  of  the  Coast  Survey  at  that  time,  had 
various  of  his  best  levelmeu  run  test  levels  on  permanent  turning 
points  about  the  Capitol  grounds  in  Washington,  both  with  geodesic 
levels  and  with  the  Van  Ordeu  spirit  level,  and  the  results,  so  far  as 
they  have  been  made  public,  do  not  show  any  appreciable  advantage 
in  favor  of  the  geodesic  levels.  As  a  further  consequence  of  these 
experiments.  Professor  Mendenhall  had  the  Florida  lines  of  geodesic 
levels  from  St.  Augustine  to  Cedar  Keys  re-run  back  and  forth  with 
the  Van  Orden  spirit  level  with  a  result  apparently  in  favor  of  that 
instrument.  Professor  Mendenhall  said  in  1894,  of  Mr.  Van  Orden's 
precise  spirit  levels: 

' '  After  examining  with  great  interest  the  profile  of  the  line  of  levels 
run  between  Boston  and  Albany,  I  find  the  agreement  between  the  two 
simultaneous  lines  to  be  remarkably  close,  giving  evidence  that  the 
whole  is  an  excellent  piece  of  work.  I  have  recently  tested  the  in- 
struments and  methods  used  by  Mr.  Van  Orden,  and  the  result  is 
such  as  to  give  me  great  confidence  in  this  line.     I  do  not  believe 
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that  so  long  a  line  has  ever  before  been  run  combining  so  high  a 
degree  of  accuracy  with  so  small  cost. " 

Mr.  Van  Orden,  himself  an  assistant  in  the  Coast  Survey  and  accus- 
tomed to  geodesic  leveling,  wrote  in  1893  of  these  precise  spirit-levels: 

"The  distinction  between  them  and  j)recise  geodesic  levels  is 
more  in  the  instriiment  and  method  than  in  results,  for  I  am  inclined 
to  think,  all  things  considered,  that  the  resialts  I  have  attained  are 
fully  up  to  the  best  American  and  German  levels,  and  at  a  great 
saving  of  time  and  labor." 

A  careful  consideration  of  the  theory  of  geodesic  as  compared  with 
spirit  leveling  fu.rther  influenced  the  author's  preference  for  the 
latter.  It  seems  that,  providing  the  instrument  is  as  well  made  and 
substantial,  and  the  bubble  sufficiently  sensitive,  precise  spirit  level- 
ing should  be  more  accurate  than  geodesic  leveling,  because  the 
oj)eration  is  simpler  and  more  direct,  while  its  results  are  at  once 
evident  and  unencumbered  by  complicated  and  bulky  computations. 

A  prime  requisite  in  such  precise  spirit  leveling  is  that  the  distance 
between  the  rodman  and  the  instrumentman  should  not  be  greater 
than  that  indicated  by  the  minimum  reading  on  the  rod,  one-thousandth 
of  a  foot,  when  a  difference  of  the  bubble  ends  is  perceptible  to  the 
eye.  This  will  be  explained  more  fully  further  on.  On  the  other 
hand,  in  geodesic  leveling,  there  is  added  to  the  spirit-leveling  feature 
the  operation  of  reading  small,  vertical  angles  of  a  few  seconds,  and 
computing  and  reducing  them  to  hoi'izontals,  for  in  geodesic  leveling 
as  practiced  by  the  United  States  Coast  and  Geodetic  Survey,  after 
getting  the  instrument  practically  level,  it  is  assumed  that  it  is  im- 
possible to  watch  the  level  bubble  and  see  that  it  is  absolutely  level  at 
the  same  instant  that  bisection  of  the  target  is  obtained,  and  therefore 
the  observer,  after  leveling  his  instrument  approximately,  pays  no 
further  attention  to  the  bubble  while  sighting.  The  rodman  is  first 
signaled  to  move  the  target  until  nearly  bisected  by  the  cross-hair, 
when  it  is  clamped,  and  thereafter  the  rodman  devotes  his  attention 
wholly  to  keeping  the  rod  steady  and  plumb.  Watching  the  level 
bubble,  the  levelman  then  brings  it  to  exact  center  by  turning  the  mi- 
crometer screw,  and  he  notes  and  records  the  micrometer  reading. 
Then,  without  further  watching  the  bubble,  he  exactly  bisects  the  target 
with  the  cross-hair  by  turning  the  micrometer  screw,  and  again  records 
the  reading  of  the  latter,  and  the  designating  number  on  the  rod. 
This  operation  is  then  repeated  Avith  the  level  and  telescope  reversed. 
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the  mean  of  the  four  readings  taken  and  the  dilierence  in  elevation 
between  the  telescope  pointed  at  the  target  and  the  instrument  level, 
as  shown  by  the  micrometer  readings,  is  added  to  or  subtracted  from 
the  rod  reading.  It  must  be  noted,  however,  that  an  important  factor 
in  this  operation  is  the  difference  of  elevation  between  rod  reading 
and  horizon  reading  as  obtained  from  a  trigonometric  computation, 
depending  upon  a  minute  gradienter  angle  and  the  distance  of  the  rod 
from  the  instrument. 

The  chief  argument  used  in  favor  of  this  class  of  work  is  the  elimi- 
nation of  doubt  as  to  whether  the  bubble  is  truly  level  or  not  at  the 
moment  the  pointing  is  made;  also,  that  a  quadruple  check  is  had 
upon  the  reading  of  a  target  setting.  The  latter  argument  is  of  small 
weight,  as  in  spirit  leveling  two  or  more  settings  may  be  made  on  each 
turning  point,  with  the  added  check  that  the  reading  will  be  made, 
not  by  one  man — the  instrumentman — alone,  biit  by  both  instrument- 
man  and  rodmen.  The  first  argiiment  carries  little  weight  where 
every  precaution  is  taken  to  assure  that  the  bubble  is  level  before  the 
setting,  and  especially  again  after  the  target  is  clamped. 

The  primary  argument  against  geodesic  leveling,  as  compared  with 
spirit  leveling,  rests  on  the  fact  that  in  the  former  all  the  burden  of 
exact  observing  and  recording  rests  on  the  shoulders  of  one  individual, 
the  levelman;  whereas,  in  spirit  leveling  the  burden  of  these  operations 
is  distributed,  resting  not  only  on  the  levelman,  but  on  two  others,  the 
rodmen,  who,  if  they  are  fairly  high-grade  and  intelligent  men,  consti- 
tute a  valuable  cheek  on  this  stage  of  the  work.  Again,  no  instru- 
mental errors,  that  is,  errors  of  instrument  construction,  need  enter 
into  the  spirit  leveling  which  cannot  be  readily  eliminated  by  adjust- 
ment, relocated  rod  settings  and  equalized  sights;  whereas,  in 
geodesic  leveling  every  error  in  instrument  construction  affects  the 
work  seriously,  through  the  fact  that  it  is  used  as  an  angle-reading 
instrument  as  well  as  a  spirit-leveling  instrument,  and  corrections 
must  be  made  for  errors  of  micrometer  run,  errors  of  collimation,  etc. 

Finally,  the  most  potent  factor,  the  distance  between  rod  and  level, 
is  of  no  importance  in  spirit  leveling,  i^roviding  fore  and  back  sights 
are  approximately  equal,  differing  from  each  other  not  more  than  1 
ft.,  a  result  easily  attainable;  but  in  geodesic  leveling  the  minutest 
error  in  distance  between  the  focal  center  of  the  instrument  and  the 
face  of  the  rod  becomes  a  factor  in  the  vertical-angle  computations. 
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Precise  Leveling  Instruments. — The  i^recise  leveling  instruments 
used  in  tlie  United  States  by  the  only  two  organizations  which  have 
heretofore  done  much  leveling  of  this  kind  are  a  modification  of  the 
Vienna  and  Stamjifer  levels,  which  is  made  and  used  by  the  United 
States  Coast  and  Geodetic  Survey ;  and  the  Kern  or  Swiss  level  used 
by  the  United  States  Engineers  on  the  Mississippi  and  Missouri  River 
Surveys.  Both  rest  on  heavy  wooden  tripods,  the  legs  of  which  are 
clamped  by  wing  nuts  to  the  tripod  heads.  The  Coast  Survey  tripod 
head  is  of  wood,  and  the  leveling  screws  are  held  down  to  this  by  a  metal 
plate,  and  by  a  heavy  center  nut  under  the  tripod  head.  The  Engi- 
neers' level  rests  by  gravity,  freely,  in  slots  on  the  tripod  head,  as  do 


Fig.  5. 
spirit  levels,  and  is  clamped  to  the  head  by  a  heavy  center-clamping 
screw.  Both  instruments  are  leveled  by  three  instead  of  four  level- 
ing screws.  The  Coast  Survey  instruments  have  magnifying  powers 
of  from  26  to  37,  and  the  value  of  one  division  of  the  leveling 
bubble  is  1.5  seconds  of  arc.  The  telescope,  like  that  of  other 
precise  levels,  can  be  moved  in  a  vertical  plane,  so  that  the  final 
leveling  is  done  by  rotation  about  a  horizontal  axis  near  the  object 
glass,  by  means  of  a  micrometer  screw,  to  permit  of  multiplying  the 
pointings  on  a  mark  with  a  view  to  obtaining  a  measuring  range  be- 
yond that  of  the  striding  level.     The  instrument  is  leveled  by  a  long 
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striding  level  resting  on  collars  over  tlie  Y's  which  support  the  tele- 
scope. 

The  Engineers'  or  Kern  level  has  an  aperture  of  Ij  ins,  16  ins. 
focal  length,  ami  magnifying  powers  of  40  to  60  times.  The  tele- 
scope may  be  rotated  in  vertical  arc  about  a  horizontal  axis,  also 
near  the  object  glass,  by  means  of  a  micrometer  screw  nearly  under 
the  eyepiece,  but,  as  used,  the  micrometer  or  gradienter  screAV  is  not 
used  in  making  an  angular  measurement,  but  merely  as  a  leveling 
screw,  so  that  the  angular  element  and  the  element  of  distance  do  not 
enter  into  the  function  of  leveling. 

In  leveling  by  either  of  these  methods,  instrumental  constants  are 
accurately  determined  for  the  values  of  a  division  of  the  bubble,  for 
inequality  of  the  collars,  for  run  of  micrometer  and  for  the  angular 
values  of  the  wire  intervals,  and  these  constants  are  applied  to  the 
readings  as  an  adjustment  in  oflSce. 

The  Geological  Survey  precise  level  is  made  by  Messrs.  Buff  and 
Berger  of  Boston,  and  differs  from  the  above  in  essential  details.  Two 
views  of  this  instrument  are  shown  in  Fig.  5.  The  plan  of  this  instru- 
ment was  suggested  to  Messrs.  Buff  and  Berger  by  Mr.  Van  Orden  for 
use  on  the  Massachusetts  Topographic  Survey,  and  is,  in  general,  as 
follows:  The  tripod  and  head  are  similar  to  those  of  the  instruments 
already  described.  On  the  head  the  level  is  supported  freely  by  three 
leveling  screws,  and  it  is  clamped  to  the  trijjod  head  by  a  stoiifc  center 
screw  when  not  in  use.  The  telescope  has  an  aperture  of  1^  ins.  and 
a  magnifying  power  of  40  diameters,  and  is  inverting,  as  are  the 
others.  It  likewise  rotates  in  vertical  plane  by  means  of  a  milled 
head  screw  nearly  under  the  eye-piece;  but  this  rotation  is  about  a 
horizontal  axis,  not  under  the  object  glass,  as  in  the  other  instru- 
ments, but  placed  opposite  the  center  of  the  instrument  by  means 
of  a  cradle,  the  axes  of  which  are  within  a  fraction  of  an  inch  of 
the  line  of  collimation,  thus  securing  in  the  telescope  a  motion  in 
altitude  free  from  any  change  in  the  height  of  the  line  of  collima- 
tion, as  must  occur  in  the  other  instruments.  It  is  leveled  by  a  long 
spii-it  bubble  hanging  from  the  telescoi^e,  as  in  ordinary  spirit  levels, 
and  in  addition  is  supplied  by  the  makers  with  an  auxiliary  striding 
level.  The  bubble  is  so  graduated  that  one  division  ipo  in.  in  length 
is  equivalent  to  4  seconds  of  arc.  The  Geological  Survey  do  not  use 
the  striding  level,  nor  do  they  use  the   micrometer  leveling  screw 
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Fig.  e. 


as  sucL,  but  merely  as  a  milled  head  screw  for  final 
leveling.  In  place  of  the  chambered  bubble,  as 
furnished  by  the  makers,  two  bubbles  of  different 
sensitiveness  are  carried  in  the  field,  one,  in  which 
a  division  is  equivalent  to  4  seconds  of  arc,  and  the 
other  in  which  a  division  is  equivalent  to  8  seconds  of 
arc,  and  both  are  carried  in  sejjarate  metal  frames  so 
that  they  can  be  changed  without  much  delay.  Some 
improvements  are  being  attemjjted  in  a  level  of  this 
kind  now  under  construction  for  President  Mendenhall 
of  the  Worcester  Polytechnic  Institute;  these  consist 
of  a  steel  center  pivot,  hardened  steel  collars,  agate 
bearings  in  the  Y's,  etc. 

Precise  Rods. — The  Coast  Survey  rod  is  of  thoroughly 
paraffined  wood,  and  the  bottom,  which  is  hemispheri- 
cal, is  set  in  saucer-shaped  turning  points,  the  curva- 
ture of  which  is  greater  than  that  of  the  rod  foot. 
This  rod  is  single  and  nou- extensible,  12  ft.  long,  and 
divided  into  fractions  of  a  meter  by  large,  easily  legi- 
ble markings.  At  short  intervals  on  its  face  are  in- 
serted in  the  pine  wood  metal  plugs  on  which  are 
engraved  fine  lines,  and  these  are  the  zero  marks  on 
which  the  vernier  is  read;  it  being  believed  that  these 
lines  are  finer  than  divisions  can  possibly  be  made 
upon  wood.  The  rod  can  be  read  directly  to  thou- 
sandths of  a  meter  and  by  estimation  to  one  ten- 
thousandth  of  a  meter,  by  means  of  a  target  which  is 
moved  up  and  down  by  an  endless  chain  passing  over 
pulleys  at  either  end  of  the  rod,  while  the  target  can 
be  clamped  by  means  of  another  chain  which  is  con- 
venient to  the  hand  of  the  rodman. 

The  Engineer  Corps  uses  a  rod  made  of  one  piece 
12  ft.  in  length.  It  has  a  T-sliaped  cross-section,  a 
footplate  and  a  turning  point  similar  to  the  above. 
The  rod  is  self-reading,  that  is,  without  targets,  and 
graduated  to  centimeters.  Closer  records  are  made 
by  estimation  by  the  levelmen,  since  there  are  three 
horizontal   cross   wires    in    the  instrument,   on  each 
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of  which  readings   are   made,    and  the   mean   of  these  is  the  value 
used. 

The  rods  used  by  the  Geological  Survey  (Fig.  6)  are  about  10  ft. 
in  length,  non-extensible,  T-sliaped  in  cross- section,  and  made  of 
two  pieces  of  pine  frequently  bolted  together.  They  were  made 
of  well-seasoned  paraffined  jiine,  by  Messrs.  W.  &  L.  E.  Gurley, 
of  Troy.  The  bottoms  are  truncated  pyramids  of  hardened  steel, 
i  in.  in  width  at  the  smallest  or  lowest  end,  and  these  are  placed 
on  the  top  of  the  convex-surfaced  turning  points.  No  difficulty 
is  experienced  in  placing  the  rod  exactly  on  the  highest  part  of 
the  turning  point  and  there  is  less  liability  of  error  by  possible 
carelessness  in  properly  wiping  both  surfaces.  The  rod  is  graduated 
much  as  is  a  New  York  rod,  to  feet  and  hiindredths,  and  is  read  by  a 
target  to  thousandths  of  a  foot.  The  design  was  suggested  to  Mi*. 
Van  Orden  by  Assistant  Braid  of  the  Coast  and  Geodetic  Survey,  and 
it  was  made  from  their  2)lans,  which  have  been  considerably  modified 
in  the  rods  used  by  the  Geological  Survey. 

These  rods,  as  made  for  the  Geological  Survey,  are  not  thoroughly 
paraffined,  as  has  been  the  j^ractice  in  the  Coast  Survey,  but  are 
paraffined  only  to  a  moderate  depth,  about  i  in. ,  it  being  found  that 
light  pine  wood  soaked  in  boiling  paraffine  until  it  has  penetrated  to 
this  depth  gives  the  rods  the  proper  resistance  to  atmospheric  changes, 
rendering  them  especially  capable  of  resisting  moisture,  and  yet 
not  changing  the  texture  of  the  wood  as  when  thoroughly  soaked 
with  paraffine,  which  makes  it  soft  and  cheese-like  and  causes  it  to  easily 
dent  and  bend.  In  a  thoroughly  paraffined  rod,  the  paraffine  boils  out 
of  the  rod  in  hot  weather,  making  it  sticky,  while  the  rod  itself  loses 
many  of  the  valuable  properties  given  by  the  wood.  Shallow  paraffin- 
ing retains  the  desirable  properties  possessed  by  the  wood  and  affords 
sufficient  holding  wood  for  the  screws;  enabling  the  rod  to  retain 
its  rigidity  and  rendering  it  less  easily  affected  by  changes  of  tem- 
perature. 

The  first  two  rods  made  by  Messrs.  W.  &  L.  E.  Gurley  were  sent 
to  the  United  States  Coast  and  Geodetic  Survey  for  testing,  and 
Table  No.  3  shows  the  lengths  of  the  rods  A  and  B  at  a  fixed 
temperature. 
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Rod  "J,"  Temper  ATUKE  21.24° 
Cent. 
1  ft.,    12.010  ins. 


Oto 
Oto 
Oto 
Oto 
Oto 
Oto 
Oto 
Oto 
Oto 


Oto  10 


24.012 
36.013 
48.017 
60.016 
72.016 
84.016 
96.015 
108.015 
120.015 


TABL] 

E  No.  3. 

1.24° 

Rod  "5,"  Temperatijke  22. 12© 

Cent. 

0  to    1  ft. 

12.023  ins. 

Oto    2    " 

24.017    «' 

Oto    3    " 

36.019    " 

Oto    4   " 

48.021    " 

Oto    5    " 

60.021   " 

Oto    6    " 

72.021    " 

Oto    7   " 

84.023   " 

Oto    8   " 

96.022    " 

Oto    9    " 

108.023    " 

Oto  10   " 

120.024    " 

At  the  end  of  the  field  season  these  rods  were  returned  to  the  Coast 
Survey  office  for  a  more  exhaustive  test,  which  consisted  of  a  determi- 
nation of  their  lengths  after  being  in  a  dry  room  for  a  month,  and  of 
their  lengths  after  being  exposed  to  a  relative  humidity  of  92%  for 
45  hours. 

The  results,  referred  to  22.2°  Cent.,  are  as  follows: 

Rod  a.  Rod  B. 

Inches.  Inches. 

First  comparison.  .1  to  10  ft.,  108.011         1  to  10  ft.,  108.003 


Second 


,1  to  10  ft.,  108.011         1  to  10  ft.,  108.006 


Diflference 0.000         0.003 

These  resiilts  appear  to  indicate  a  slight  increase  in  the  length  of 
rod  B,  but,  as  the  lines  are  not  very  finely  marked,  and  as  the  dis- 
tance, 1  to  10  ft.,  is  the  result  of  the  summation  of  the  spaces,  1  to  4, 
4  to  7,  and  7  to  10  ft. ,  it  is  believed  by  the  assistant  in  charge  of  the 
Coast  Survey  testing-room  that  little  or  no  change  took  place.  The 
Superintendent  of  the  Coast  Survey  stated  in  his  letter  of  transmittal 
that  weight  is  lent  to  this  conclusion  by  the  fact  that  rod  A  showed  no 
change,  although  both  rods  were  treated  exactly  alike. 

The  targets  of  the  Geological  Survey  rods  are  rectangular,  4  ins. 
high  by  5i  ins.  wide,  with  a  slot  in  the  center,  in  which  the  vernier 
is  placed  as  in  the  New  York  rod.  One  peculiarity  of  these  targets  is 
that  instead  of  a  line  on  which  to  center  the  cross-hair,  there  is  a 
white  stripe,  tapering  so  as  to  be  narrowest  near  the  graduation  and 
widest  on  the  outside,  being  0.004  ft.  wide  near  the  vernier  and  0.020 
ft.  wide  at  the  outer  edge  (Fig.  6).  This  stripe  is  more  easily  bisected 
and  a  more  accurate  setting  can  be  made  on  it  than  on  a  line  which  is 
entirely  superimposed  and  rendered  invisible  by  the  cross-hair,  the 
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image  seen  being  four  similar  triangles,  merging  into  nothing  at  the 
horizontal  cross-hair.  The  metal  siipporting  the  vernier  of  the  target 
is  cut  back  for  li  ins.,  and  is  channeled  on  the  rear  side  so  as  to  make 
it  spring.  It  can  be  pressed  against  the  face  of  the  rod  so  as  to  get  a 
close  contact  with  the  graduation  when  being  read,  thus  eliminating 
much  of  the  parallax  encountered  in  reading  the  ordinary  target  on 
New  York  or  similar  rods.  The  target  is  raised  and  lowered  and  is 
given  a  slow  motion  by  an  endless  steel  tape,  similar  to  a  measuring 
tape,  which  passes  over  pulleys  at  each  end  of  the  rod,  one  of  which 
is  adjustable  so  as  to  give  the  proper  amount  of  tension,  and  this  tape 
is  moved  by  the  hand  of  the  rodman  from  behind  and  with  siich  fric- 
tion as  will  permit  of  giving  the  proper  slow  motion.  There  is  no 
means  of  clamping  the  target  when  the  rod  is  in  position,  as  is  done 
by  the  chain  on  the  Coast  Survey  rod.  The  rod  must  be  taken  down  to- 
be  clamped.  This  is  an  advantage,  because  it  insures  the  target  being 
clamped  before  it  is  replaced  on  the  turning  point  for  the  rV^i- 
final  sight  of  the  levelman.  iLm" 

Instead  of  saucer-shaped  turning  points  in  which  grit  is 
apt  to  collect,  even  if  every  care  is  taken  in  wiping  them,  the 
Geological  Survey  uses  convex-headed  steel  turning  points 
(Fig.  7)  10  to  15  ins.  in  length  and  f  in.  in  diameter.  They  are 
machine-dressed  from  3-in.  steel  bars,  and  the  top  is  enlarged  fig.  ;. 
to  a  mushroom  shape  2i  ins.  in  diameter.  The  spike  is  thoroughly 
driven  into  the  ground  to  a  tirm  bearing.  This  form  of  turning  point 
has  been  found  by  the  Geological  Survey  to  be  more  steady  in  frozen 
and  soft  ground,  and  under  similar  unfavorable  conditions,  than  the 
shallow  plate  of  the  Coast  Survey  or  the  turtle-back  of  the  British 
Ordnance  Siirvey.  In  the  exijeriments  to  neutralize  the  effect  of 
frozen  ground  on  tripod  legs  and  turning  points,  as  hereafter  ex- 
plained, cast-iron  turtle-back  turning  points  6  ins.  in  diameter,  about 
1^  ins.  thick,  flat  on  the  under  side,  and  with  three  1-in.  spikes,  similar 
to  those  of  the  Ordnance  Survey,  were  employed  for  a  short  portion  of 
the  North  Carolina  line,  between  miles  205  and  210. 

Tests  of  Level  Bubbles. — An  analysis  of  the  instruments  and  rods 
shows  that  the  Geological  Survey  uses  strictly  spirit-leveling 
methods,  the  quality  of  the  i-esulting  work  differing  from  that  obtained 
by  ordinary  spirit  leveling  chiefly  because  of  the  quality  of  the  instru- 
ments, rods  and  turning  points,  the  skill  of  the  levelman  and  rod- 
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men,  and  the  methods  of  manipulation.  No  micrometric  angle  is 
measured,  the  target  is  set  by  the  rodman,  the  rod  is  read  by  the  level- 
man  and  the  rodman,  and  no  corrections  are  made  for  errors  of  instru- 
ment The  objects  sought  are  to  obtain  the  best  instrument  possible, 
to  keep  it  in  perfect  adjustment,  and  so  to  use  it  that  any  errors  in- 
herent in  it  shall  be  eliminated  or  balanced  by  the  method  of  running. 
As  distinguished  from  the  Engineer  Corps  method  of  leveling,  the  rod 
is  not  self-reading,  and  while  the  Coast  Survey  method  employs  a  rod 
read  by  a  target  and  vernier,  yet  the  burden  of  the  reading  rests  on  the 
levelman  because  of  the  addition  of  the  micrometric  measurement.  In 
the  Geological  Survey  method,  the  burden  of  the  work  does  not  rest 
on  one  man,  the  levelman,  but  is  equally  divided  and  in  such  manner 
as  to  get  a  number  of  averages  of  the  readings  of  levelman  and  rod- 
men. 

Prior  to  taking  the  field  for  the  Geological  Survey  in  1896,  Mr,  W. 
Carvel  Hall,  the  levelman,  ran  over  a  series  of  permanent  turning 
points  marked  on  the  curbstones  in  an  unfrequented  portion  of  the 
city  of  Washington.  The  total  length  of  run  was  3  600  ft. ,  and  this 
distance  was  re-run  a  number  of  times  to  obtain  checks  on  each  turning 
point  and  thus  get  an  estimate  of  the  quality  of  the  work.  Two  rod- 
men  were  employed  as  in  ordinary  jjrecise  leveling,  and  two  bubbles 
were  used,  first,  the  ^-second  and  then  the  8-second  bubble;  the  number 
of  determinations  of  each  bench-mark  being  six  by  each  bubble.  The 
results  show  clearly  that  the  work  done  with  the  8-second  bubble  was 
more  uniform  than  that  with  the  4-second  bubble.  Each  starting  from 
zero  was  run  out  3  563  ft.  and  back  twice,  the  4-second  bubble  closing 
on  the  initial  turning  point  with  errors  of  +  0. 023  and  -f  0. 030  ft.  for  rod 
A,  and  -f-  0.004  and  +0.024  ft.  for  rod  B,  and  with  varying  divergences 
at  intermediate  turning  points,  the  mean  error  of  closure  for  all  being 
+  0.023  ft.  The  line  run  with  the  8-second  bubble  closed  on  the  initial 
turning  point  with  errors  of  —  0.007  and  +  0.003  ft.  for  rod  A,  and 
+  0.006  and  —  0.003  ft.  for  rod  B,  the  means  of  all  the  lines  giving  for 
the  height  of  the  initial  turning  point  —  0. 00075  ft.  error,  while  the 
mean  divergence  of  the  two  lines  at  the  intermediate  turning  points 
was  correspondingly  small  and  uniform. 

The  cause  of  this  may  be  partially  explained  as  follows:  The  4- 
second  bubble  was  so  sensitive  that,  after  being  centered,  the  jar  from 
distant  vehicles,  a  light  air,  or  even  so  slight  a  change  of  temperature 
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as  the  breath  from  the  observer's  nostrils  or  the  warmth  of  his  hand 
caused  the  bubble  to  move,  while  the  rest  of  the  instrument  retained 
its  original  position.  Bringing  the  bubble  again  to  the  center  would 
in  reality  throw  the  whole  instrument  out  of  level.  The  sensitiveness 
of  this  bubble  can  be  better  appreciated  from  the  fact  that  a  division 
of  the  micrometer  leveling  screw  is  equal  to  two  divisions  of  the 
bubble  tube;  and,  as  a  fourth  of  a  division  is  easily  distinguishable  and 
amounts  to  0.001  ft.  on  the  rod  at  a  distance  of  400  ft.,  it  was  quite 
frequently  necessary  to  turn  the  micrometer  screw  less  than  -st<^  of  a 
revolution,  which  in  practice  is  especially  difficult  because  of  the 
unsteadiness  of  the  bubble. 

With  the  8-second  bubble,  which  was  less  sensitive  to  jarring,  much 
less  manipulation  was  required,  the  bubble  and  telescope  responding 
more  uniformly  one  to  the  movement  of  the  other.  Hence,  the  result- 
ing readings  agreed  more  closely  because  the  telescope  was  more 
acciirately  leveled  when  the  bubble  indicated  such  leveling.  While 
this  explanation  is  not  wholly  satisfactory,  there  were  other  evidences 
that  the  less  sensitive  bubble  gave  the  better  results.  Moreover,  if  the 
above  be  even  ijartially  true,  it  indicates  that  geodesic  leveling,  in 
which  the  readings  of  the  micrometer  screw  in  conjunction  with  a 
supersensitive  bubble  become  a  function  of  the  result,  may  be  liable 
to  errors  due  to  movement  of  the  bubble  not  in  accord  with  those  of 
the  instrument,  and  occurring  Vietween  the  time  of  sighting  and  level- 
ing. The  length  of  time  required  in  leveling  the  instrument  with  the 
4-second  bubble,  wherever  it  is  liable  to  the  faintest  disturbance, 
is  such  that  the  levelman  will  not  unlikely  become  nervous  and 
irritated  in  his  futile  efforts  to  level  it,  and  thus  perhaps  affect  the 
quality  of  the  work;  whereas,  the  8-second  bubble,  being  more  rajjidly 
manipulated,  is  used  more  surely  and  calmly. 

All  the  indications  of  the  above  seem  to  the  author  to  point  out 
that  the  more  sensitive  1.5-second  and  3-second  bubbles,  used  by  other 
precise  levelmen,  do  not  show  the  real  action  of  the  instrument.  It  is 
only  possible  to  use  them  while  not  sighting  through  the  telescope 
and  while  watching  the  bubble,  and  by  moving  it  through  a  very 
small  angular  distance,  one  which  is  so  small  as  to  be  scarcely  per- 
ceptible to  the  eye,  but  which  must  be  read  on  a  micrometer  screw. 
The  author  is  accordingly  of  the  opinion  that  the  results  obtained  by 
this  method  with  a  more  sensitive  bubble  are  not  likely  to  be  any  better 
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than,  if  as  good  as,  those  obtained  by  the  less  sensitive  bubble  more 
quickly  manipulated.  All  these  deductions  are  dependent  necessarily 
on  the  distance  from  the  instrument  at  which  the  rod  is  placed,  and 
that  distance  must  be  such  that  the  least  movement  of  the  bubble 
which  is  perceptible  to  the  eye  shall  correspond  to  the  least  division 
which  is  visible  on  the  rod.  Thus  for  the  4-second  bubble  with  the 
rod  reading  to  thoixsandths,  the  latter  should  not  be  placed  more  than 
400  ft.  from  the  instrument,  and  with  the  8-second  bubble  the  rod 
should  not  be  placed  more  than  300  ft.  from  the  instrument  in  order 
that  the  least  perceptible  movement  of  the  bubble  shall  correspond  to 
a  difference  of  one-thousandth  of  a  foot  on  the  rod.  Therefore,  if 
both  bubbles  could  be  manipulated  with  equal  certainty  and  speed,  it 
would  be  as  safe  to  place  the  rod  at  400  ft.  with  the  4-second  bubble  as 
at  300  ft.  with  the  8-second  bubble.  In  spite  of  this  difference  of 
distance  in  favor  of  the  4-second  bubble,  it  must  be  remembered  that 
in  most  spirit  leveling  operations  the  boiling  or  dancing  of  the  atmos- 
J), 
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Fig.  8. 

phere,  due  to  heat,  is  such,  and  the  slopes  of  the  country  are  such 
that  distances  as  great  as  300  ft.  can  rarely  be  used  in  precise  leveling. 
In  jaractice,  this  is  the  limit  of  distance  for  the  precise  leveling  of  the 
Geological  Survey,  as  for  most  other  organizations,  and  this  distance 
has  frequently  to  be  reduced  to  150  ft.  or  less,  in  very  hot  weather, 
in  moderate  winds  and  under  other  unfavorable  circumstances. 

Sequence  of  Level  a?id  Rod. — Numerous  methods  of  sequence  in 
double  rodding  have  been  employed  by  various  organizations.  In  the 
Coast  Survey  the  levelman  backsights  on  rodman  A  (Fig.  8)  at  the 
turning  point  «,,  and  then  backsights  on  rodman  B  at  the  turning 
point  b.,.  Both  A  and  B  then  pass  him,  and  he  then  foresights  on  rod- 
man  A  at  turning  point  a-^  and  on  rodman  B  at  b^,  the  rear  turning 
points  ^1  and  b.,  being  left  in  the  ground  until  the  turning  points  a^ 
and  b^  are  set. 

The  Engineer  Corps'  method  of  sequence  is  that  already  described 
for  double  rodding  with  ordinary    spirit  levels,  thus:  The  levelman 
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backsights  on  rodman  A  at  ^j  (Fig.  9),  and  foresights  on  rodman  B  at 
b.2.  Then  the  levelman  and  A  move  forward,  and  the  former  backsights 
on  B  at  h-^  and  foresights  on  A  at  ll^.  This  is  a  single  line  of  levels, 
and  the  party  dui^licate  their  own  work  by  re-running  over  the  same 
line  in  the  opposite  direction. 

The  above  and  similar  methods  of  progression  were,  after  investi- 
gation and  experiment,  discarded  by  the  Geological  Survey  because 
the  result  of  most  of  them  was  to  leave  the  instrument  standing  too 
long  between  the  time  of  observing  back  and  fore  sights,  also  because 
the  time  elapsing  between  the  observing  of  the  two  lines  was  too  great. 
A  notable  peculiarity  in  all  precise  leveling  is  that  there  is  a  con- 
stant divergence  between  the  two  lines,  and  no  adequate  cause  for  it 
seems  to  have  been  discovered.  It  was  believed  by  the  author  that  this 
divergence  was,  in  i^art,  at  least,  due  to  settlement  of  the  instrument 
between  the  time  of  observing  on  the  two  lines,  as  such  settlement 
Avould  cause  the  line  last  sighted  to  constantly  move  away  from  the 
line  first  sighted.  It  has  generally  been  assumed  in  the  past  that  no 
such  settlement  took  i^laee,  biit  the  instrument  can  rarely,  if  ever,  rise, 

a,  /  6,63  2  a,  . 

Fig.  9. 
though  it  is  liable  to  settle  every  time.  In  order  to  eliminate  such  settle- 
ment, if  it  existed,  the  following  method  of  observing  was  adopted  by  the 
Geological  Survey.  In  its  application  the  instrument  was  not  moved 
or  disturbed,  as  is  sometimes  done,  between  the  time  of  sighting  the 
first  and  second  lines,  this  being  merely  an  exaggeration  of  the  actual 
movement  which  may  take  place  in  the  instrument  by  settlement 
between  such  times,  and  as  the  instrument  was  re-leveled  at  every  obser- 
vation, this  re-leveling  constituted  in  itself  a  suflBcient  disturbance  of 
the  instrument  to  cause  the  lines  to  be  as  absolutely  indej^endent  as 
jjossible,  barring  only  the  j^ersonality  of  the  levelman  and  the  inaccu- 
racies inherent  in  the  instrument. 

This  method  of  procedure  was  to  backsight  on  rodman  A  at  otj 
(Fig.  10),  immediately  reversing  the  instrument  foresight  on  rodman  B 
at  0-2,  then  foresight  on  rodman  B  at  h^  and  backsight  on  rodman  A  at 
b^.  In  this  method  it  will  be  observed  that  the  level  notes  are  compli- 
cated or  divided  between  the  two  rodmen,  because  one  rodman  acts  as 
backsight  on  both  rear  turning  points,  and  the  other  rodman  as  fore- 
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sight  on  both  fore  turning  jjoints.  The  levelman,  however,  keeps  a  clear 
set  of  notes  of  both  rod  readings,  and  the  rodmen  exchange  fore  and 
backsight  notes  at  the  end  of  a  day's  work  by  summation  between 
bench-marks.  The  advantage  of  this  method  is  in  the  quick  observing 
between  fore  and  backsights  on  each  line,  practically  no  time  elapsing 
between  the  making  of  these  sights  other  than  that  required  in  revers- 
ing the  instrument  and  watching  the  bubble.  It  was  believed  that  by 
this  method  practically  no  subsidence  occurred  between  these  sights, 
a  belief  borne  out  by  the  fact  that  the  greater  length  of  time  elapsing 
between  the  sighting  of  the  two  lines  resulted  in  a  greater  divergence 
than  might  even  have  been  anticipated.  The  order  of  sequence  in 
sighting  was  such  as  to  practically  run  one  line  in  a  direct  and  the 
other  in  the  reverse  or  opposite  direction. 

The  method  of  exchanging  notes  required  each  man  to  practically 
walk  the  distance  leveled  twice,  for  after  rod  «,  is  sighted,  then  the 
rodman  moves  toward  the  levelman  for  his  inspection;  meantime 
the  latter   sights  rod   a.^,   then   the    levelman   moves  toward    A    to 

b3  B  h^  b. 


Fig.  10. 
meet  him,  and  they  exchange  notes,  A  returning  to  point  h^,  and  the 
levelman  going  to  meet  B,  whose  rod  he  reads,  B  then  returning  to 
point  by  The  second  set  of  sights  having  been  made,  the  notes  are 
exchanged  as  the  men  pass  each  other,  the  rear  rodman  and  levelman 
moving  forward  each  time. 

Geological  Survey  Precise  Level  Line. — The  party  organization  for 
precise  leveling  on  the  line  run  by  the  Geological  Survey  from  More- 
head  City  tjm  Asheville,  N.  C,  through  Knoxville,  Tenn.,  to  Atlanta, 
Ga.,  consisted  of  the  levelman,  two  rodmen,  one  laborer  who  acted  as 
umbi-ellaman,  and  one  laborer  who  set  the  turning  points  and  acted 
as  tapeman.  The  chief  of  the  party,  Mr.  W,  Carvel  Hall,  was  level- 
man  throughoiit  the  progress  of  this  work,  and  to  him  credit  is  due 
for  numerous  suggestions  as  to  shapes  of  turning  points,  changes  made 
in  the  rods,  and  in  the  method  of  observing.  The  method  of  progres- 
sion on  this  work  was  as  follows:  The  measuring  tape  was  of  No.  10  gal- 
vanized iron  wire,  a  little  smaller  than  telegraph  wire,  600  ft.  in  length, 
with  10- ft.  brass  markers  brazed  on  it  for  200  ft.  from  either  end  and 


WILSON    ON    SPIRIT   LEVELING.  367 

a  large  brass  marker  at  the  center.  The  tapeman  takes  this  and  drags 
it  out  its  full  length,  and  as  the  rear  end  reaches  the  fore  rodman  who 
has  just  recorded  his  rod  settings,  the  latter  holds  it  to  his  points 
while  the  tajjeman  sets  the  fore  turning  points.  The  leveler  reads  and 
records  the  fore  rods  as  he  passes,  while  the  umbrellaman  continues  on 
to  the  center  mark  of  the  ta\)e.  Bv  the  time  the  instrument  is  leveled 
and  the  previous  sights  ai-e  computed,  the  rear  rodman  passes  the 
levelman  who  reads  and  records  his  rods.  Then,  as  this  rodman  moves 
ahead  to  his  fore  turning  points,  the  levelman  sets  the  target  on  the  first 
backsight,  by  motions  at  first  and  finally  by  word  of  mouth,  so  that  the 
rodman  can  devote  his  entire  attention  to  plumbing  the  rod.  By  the 
time  this  setting  is  finished,  the  fore  rodman  has  reached  his  turning 
points,  and  the  levelman  sets  his  first  target.  The  levelman  and  rod- 
men  then  exchange  readings  of  rods,  and  the  targets  are  set  on  the 
points  on  the  other  line,  while  the  tapeman  returns  to  the  rear  turning 
points  and  removes  them  after  the  fore  rodman  has  set  his  targets  on 
and  has  thus  determined  the  elevations  of  the  fore  turning  points. 
The  tapeman  then  passes  ahead,  drawing  the  measuring  wire  after 
him,  to  set  the  next  pair  of  fore  turning  points  as  before. 

The  discrepancies  between  the  two  lines  on  the  various  turning 
points  in  the  first  250  miles  of  the  line  of  precise  levels  run  through 
North  Carolina,  Tennessee  and  Georgia  are  shown  in  Table  No.  4,  from 
which  it  will  be  observed  that  during  the  first  100  miles  the  line  was 
in  excellent  condition,  the  divergence  being  well  within  the  limits 
which  might  be  reasonably  expected,  but  thereafter  this  divergence 
increased  very  rapidly. 

Efforts  were  made  to  fix  the  cause  of  this  divergence.  It  was  be- 
lieved from  careful  examination  of  the  instrument,  turning  points, 
etc.,  in  the  course  of  the  running,  that  the  divergence  was  largely  in- 
creased by  alternate  freezing  and  thawing  of  the  ground.  The  first 
100  miles  were  run  prior  to  January  1st,  and  there  had  been  scarcely 
any  frost.  Between  January  1st  and  February  18th,  when  the  next  150 
miles  were  run,  the  divergence  was  marked.  During  this  time  the 
ground  was  frequently  frozen  in  the  mornings,  and  as  the  day  ad- 
vanced it  thawed.  There  were  numerous  stretches  of  sandy  fills,  ex- 
posed to  the  bright  sunlight,  where  the  divergence  appeared  to  be 
much  less  than  in  other  jdaces  where  the  line  passed  through  cuts, 
and  the  tripod  legs  were  driven  into  clayey  ground  where  the  shade  of 
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Divergence. 

Mean 
elevation. 

Distance. 

DiVEBGENCE. 

Mean 
elevation. 

Distance. 

Partial. 

Total. 

Partial. 

Total. 

Miles. 
0  02  

Feet. 

Feet. 

Feet. 

7.763 

17.763 

19.3.56 

29.043 

27.382 

25.801 

7.888 

15.673 

27.334 

50.674 

47.621 

63.653 

48.179 

55.231 

109.207 

119.593 

110.991 

135.859 

151.959 

178.131 

229.216 

Miles. 

137.94 

137.24 

143.35 

!l.51.25 

1155.90 

162.10 

1168.92 

177.72 

183.63 

1187.03 

:193.51 

1300.81 

|209.37 

216.13 

|334.30 

,228.75 

234.37 

239.30 

246.26 

253.13 

j256.92 

Feet. 
—.043 

-1-.032 
+  .060 
—.001 
+  .056 
+  .034 
—.015 
.000 
+  .033 
+  .021 
+  .051 
—.006 
+  .121 
+  .014 
+  .026 
+  .002 
+  .040 
+  .010 
+  .042 
—.003 
+  .014 

Feet. 
0.184 
0.216 
0.276 
0.275 
0..331 
0.365 
0.350 
0.350 
0.383 
0.404 
0.455 
0.449 
0.570 
0.584 
0.610 
0.612 
0.652 
0.662 
0.704 
0.701 
0.715 

Feet. 
345  638 

0.94 

7.19 

13.23 

20.33 

37.36 

34.41 

35.63 

41.33 

47.46 

52.63 

59.50 

68.59 

74.84 

80.86 

89.37 

94.77 

100.53 

106.44 

114.92 

130.36 

+  .005 
—.004 
+  .034 
.000 
+  .041 

—  .015 
+  .014 
—.039 
+  .030 
+  .039 
-.015 
+  .009 
+  .037 

—  .035 

—  .004 
+  .004 
+  .003 
J-.051 
+  .075 
+  .007 

0.005 
0.001 
0.025 
0.025 
0.066 
0.051 
0.065 
0.026 
0.046 
0.085 
0.070 
0.079 
0.116 
0.091 
0.087 
0.091 
0.094 
0.145 
0.230 
0.227 

383.521 
363.277 
396.588 
321.271 
359.974 
406. (M3 
471.430 
543.384 
666.663 
677.743 
641.972 
720.835 
744.259 
839.455 
813.167 
793.346 
939.789 
851.752 
665.175 
810.461 

the  banks  prevented  rapid  thawing  of  the  soil.  It  was  observed  that 
the  bubble  was  constantly  moving,  however  well  the  instrument  might 
be  planted,  and  it  was  reasoned  that  the  metal  points  which  tipped 
the  tripod  legs,  on  being  firmly  planted  in  frozen  ground  thawed  this, 
and  the  water  which  melted  from  the  frost  lubricated  the  bottoms  of 
the  tripod  legs  and  thus  permitted  them  to  sink  more  freely  into  the 
softening  soil.  Further  experiments  indicated  that  when  the  instru- 
ment was  firmly  pressed  into  the  ground  and  allowed  to  stand  for  about 
three  minutes  it  could  then  be  easily  pressed  to  some  greater  depth, 
and,  thereafter,  during  the  freezing  weather,  which  did  not  last  long 
in  the  mild  climate  of  North  Carolina,  the  instrument  was  invariably 
pressed  into  the  ground  two  or  three  times  before  the  readings  on  the 
first  line  were  taken,  and  once  again  before  observing  on  the  second 
line.  The  subsidence  between  the  fore  and  back  sights  was  noticed 
to  be  materially  lessened,  as  was  the  divergence  between  the  lines,  as 
shown  by  the  following  table  of  divergences  between  the  direct  and 
reverse  lines  from  February  18th  to  March  6th.  Experiments  were 
made  at  the  same  time  with  the  British  Ordnance  turning  points  al- 
ready described,  but  the  use  of  these  was  soon  abandoned.  The  weak- 
est place  in  the  line,  between  miles  200  and  210,  was  at  the  point  just 
before  these  exj)eriment8  were  made. 
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Distance. 

Divergence. 

Mean 
elevation. 

Distance. 

Divergence. 

Mean 

Partial. 

Total. 

Partial. 

Total. 

elevation. 

Miles. 

263.88 

273.60 

281.88 

Feet. 

+  .064 
—  .016 
+  .015 

Feet. 
0.779 
0.763 
0.778 

Feet. 
630.186 
765.102 
670.549 

Miles. 

286.53 

291.41 

298.83 

Feet. 

—  .003 

—  .012 
+  .003 

Feet. 
0.781 
0.769 
0.772 

Feet. 
789.633 
837.548 
925.835 

A  possible  cause  of  increase  iu  the  divergence  between  the  two 
lines  was  a  fact  Avliicli  was  considered  of  too  great  importance  to  be 
overlooked,  namely,  that,  approximately  between  mile  100  and  mile 
290,  the  relations  between  the  rodmen  and  the  levelman  were  not  con- 
genial; and  it  is  believed  that  the  possible  irritation  of  both  the  level- 
man  and  rodmen  due  to  friction  affected  their  ability  to  i)erform  their 
duties  in  the  most  satisfactory  manner.  For  this  reason  a  change  in 
rodmen  was  made  at  that  point,  and  thence  to  the  end  of  the  leveling 
for  the  winter  of  1896-97  across  the  Swannauoa  Pass  approaching  Ashe- 
ville,  N.  C,  the  greatest  elevation  in  which  was  2  530.4  ft.,  to  mile  457 
at  Paint  Eock,  N.  C,  the  divergence  between  the  two  lines  increased 
very  little.  This  uniformity  in  divergence  may  have  been  due  in  part 
to  the  moderate  weather  and  the  fact  that  there  was  accordingly  no 
frost  in  the  ground,  and  also  to  the  more  harmonious  relations  exist- 
ing between  the  levelman  and  rodmen. 
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Prior  to  continuing  the  above  work  in  the  fall  of  1897,  and  at  the 
suggestion  of  Mr.  Hall,  a  new  form  of  rod,  which  may  be  called  a 
double  reading  or  double  graduated  precise  level  rod,  was  devised  and 
made  by  Messrs.  W.  &  L.  E.  Gurley.  It  was  still  believed  that  too 
great  a  time  elapsed  between  observing  on  the  two  lines,  though 
the  time  of  observing  had  been  reduced  greatly.  It  was  also  be- 
lieved that  if  the  walking  backward  and  forward  of  the  rodmen  and 
levelman  to  exchange  notes,  after  the  sighting  of  the  first  line,  could 
be  dispensed  with,  that  the  rate  of  progress  would  be  increased,  the 
relative  cost  diminished,  and  the  accuracy  enhanced  by  the  diminution 
in  the  lapse  of  time  between  observing  both  lines.  This  is  largely  ac- 
complished by  the  use  of  the  double  reading  rods. 

This  rod  is  10  ft.  long,  with  a  rectangular  cross-section  4  ins.  by  If 
ins.  It  is  of  pine,  immersed  in  paraffine,  and  is  made  in  all  respects 
similarly  to  those  already  described,  excepting  that  each  of  the  narrow 
faces  of  the  rod  is  graduated  from  reverse  ends,  each  end  being  pro- 
p's 


Fig.  11. 

vided  with  a  peculiarly  constructed  steel  foot  plate.  On  each  face 
runs  a  target,  the  two  targets  being  differently  colored  and  shaped, 
one  black  with  a  white  stripe,  the  other  red,  with  a  white  stripe,  one 
oval  and  the  other  rectangular,  and  these  were  operated  by  two  endless 
tapes  running  over  pulleys  at  the  ends  of  the  rod.  The  difference  in 
the  color  and  shape  of  the  targets  was  to  jirevent  possibility  of  error 
in  exposing  the  wrong  side  of  the  rod  first.  These  rods  were  not  as 
satisfactory  as  had  been  hoped,  because  of  errors  in  their  construc- 
tion. The  cross-section  selected  jjroved  in  practice  unsatisfactory,  as 
the  rectangular  shape  failed  to  give  the  desired  rigidity,  and  the  rods 
bent  or  warped  slightly  before  the  close  of  field  work;  moreover,  they 
were  thoroughly  tilled  with  paraffine  instead  of  having  been  but 
slightly  impregnated  with  it,  and  the  result  was  that  the  rods  became 
sticky  in  warm  weather,  making  the  wood  so  soft  as  to  increase  the 
tendency  to  warp  or  sag  and  otherwise  to  unfavorably  affect  their 
quality.     A  further  consequence  was  the  necessity  of  making  larger 
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and  more  careful  oorroi'tioiis  to  the  notes  for  errors  in  graduation  anil 
length  of  rods. 

The  method  of  running  witli  this  double  rod  was  as  follows:  Back- 
sight on  rodman  .4  (Fig.  11)  to  turning  poiut^/j,  red  rectangular  target, 
immediately  foresight  to  rodman  Z^attTirniug  point '^J,  red  rectangular 
target;  then  without  any  lapse  of  time  for  exchange  of  notes,  the  two 
rodmen  move  to  the  adjacent  turning  points,  and  the  levelman  fore- 
sights on  rodman  B  at  turning  point  b-^,  black  oval  target,  and  back- 
sights on  rodman  A  &i  b^,  black  oval  target.  The  rodmen  clamp  their 
targets  after  each  setting,  and  the  rear  rodman  and  the  levelman  move 
forward  together,  so  that,  as  the  levelman  passes  the  rodman,  he  is  able 
to  read  and  record  the  clamped  targets,  and  the  whole  is  accomplished 
with  such  a  considerable  reduction  of  elapsed  time  between  the  two 
lines,  since  the  targets  have  not  to  be  read  until  all  the  observing  is 
comjjleted,  as  to  materially  increase  the  speed,  I'educe  the  cost  and 
reduce  the  divergence,  as  shown  in  the  following  table  of  divergences 
between  miles  457,  at  Paint  Rock,  N.  C,  and  765,  at  Atlanta,  Ga. 


TABLE  No.  7. 


1 

1       Divergence. 

1 

Divergence. 

Distance. 

Mean 
elevation.  [ 

Distance. 

Mean 

elevation. 

Partial. 

Total. 

Partial. 

Total. 

Miles. 

Feet. 

Feet. 

Feet. 

Miles. 

Feet. 

Feet. 

Feet. 

462.83 

—.010 

0.814 

1  184.1.57 

625.24 

+.033 

0.944 

874.720 

468.12 

—.020 

0.794 

1  140.896 

630.55 

+.013 

0.957 

895.287 

474.88 

+.003 

0.797 

1  094.511 

639.67 

—.014 

0.943 

866.685 

479.29 

—.045 

0.752 

1  058.204 

f>47.97 

—.007 

0.936 

794.946 

486.26 

+  .038 

0.790 

1  010.028 

'652.95 

. 

-.017 

0.953 

774.336 

492.03 

—  .008 

0.782 

1  141.802 

'658.37 

- 

-.016 

0.969 

712.185 

501.62 

- 

-.044 

0.820 

1  350.985 

,665.50 

- 

-.007 

0.976 

718.363 

509.62 

- 

-.047 

0.873 

1  193.060 

1674.61 

_ 

-.007 

0.983 

619.834 

514.22 [•    - 

-.024 

0.897 

1  117.833 

682.68 

- 

-.016 

O.S)99 

652.547 

522.93 

H 

-.011 

0.908 

905.182 

692.04 

- 

L.Oll 

1.010 

613.406 

530.17 

■{ 

-.023 

0.931 

864.977 

699.20 

_ 

r.019 

0.991 

696.729 

536.43 

—  .032 

0.899 

867.390 

707.28 

- 

-.054 

1.045 

798. 72S 

543.17 

—  .009 

0.890 

933.299 

714.62 

—.034 

1.011 

763.488 

550.49 

—  .002 
--.012 

0.892 

940.382 

721.48 

—.024 

0.987 

1  087.787 

557.49 

0.914 

819.915 

726.16 

—.026 

0.961 

1  014.587 

566.43 

—.006 

0.908 

799.258 

731.64 

+  .029 

0.990 

1  050.221 

571.93 

+  .021 

1 .029 

783.815 

740.51 

+  .023 

1.013 

956.826 

577.88 

—.039 

0.990 

859.780 

1747.19 

—  .029 

0.984 

929.821 

584.46 

—  .039 

0.951 

918.400 

754.50 

--.003 
--.015 

0.987 

804.361 

592.20 

—  .007 

0.944 

978.713 

758.53 

1.002 

855.003 

598.34 

+  .029 

0.973 

868.821 

765.57 

—  .047 

0.955 

1  050.127 

605.85 

—  .019 
—.020 

—  .023 

0.9»4 
0.934 
0.911 

807.298 
706.396 
798.443 

613.08 

619.38 

Grossing  Tennessee  River. — As  will  be  observed,  there  was  a  sudden 
increase  in  divergence  at  mile  571.93,  which  was  caused  by  the  cross- 
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ing  of  the  Tennessee  River  at  Loudon,  Tenn.,  where  the  bridge  was  of 
such  chai-acter  that  its  jjiers  could  not  be  used  as  tripod  and  rod  sup- 
ports, and  a  single  sight,  nearly  1  800  ft.  in  length,  had  to  be  taken  to 
make  the  crossing.  Every  precaution  was  taken  to  eliminate  errors 
of  observation,  both  by  running  down  the  river  banks  and  crossing 
on  the  rip-rap  at  the  foot  of  the  bridge  piers  by  short  sights,  also 
by  a  series  of  long  reciprocal  sights  read  from  either  bank  to  reference 
marks,  on  various  days  and  at  various  times  of  the  day. 

The  method  of  observing  pursued  on  the  first  day  is  a  type  of  the 
observations  made  at  this  crossing  on  other  days.  In  this  work  the 
4:-second  bubble  was  used  and  the  40-diameter  magnifying  jjower. 
Lozenge-shaped  pieces  of  paper,  0.07  ft.  in  width,  were  placed  on  the 
targets  as  markers.  The  sights  were  85  ft.  clear  above  the  river  sur- 
face. Two  reference  points  (Fig.  12),  A  and  Z),  were  placed  on  the 
near  bank  at  distances  of  15  and  20  ft.  respectively,  as  backsights  in 
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Fig.  18. 
the  forward  crossing,  these  being  terminal  points  in  the  regular  line. 
On  the  far  bank  of  the  river  two  other  reference  points  were  placed, 
both  at  a  distance  of  48  ft.  beyond  the  instrument,  but  at  some  little 
distance  apart  one  from  the  other,  and  these  became  rear  turning 
points  in  the  continuation  of  the  regular  line.  The  foresights  taken 
from  the  near  bank  on  the  two  lines,  after  backsighting  on  the  refer- 
ence points,  were  respectively  1  785  and  1  790  ft.  in  length,  and  the 
backsights  taken  from  the  far  bank  to  the  rods  on  the  near  bank, 
which  were  placed  on  the  reference  marks  as  turning  points,  were  re- 
spectively 1  805  and  1  810  ft. ,  or  sufficiently  close  to  the  length  of  the 
foresights  to  practically  eliminate  errors  dtie  to  curvature.  The  errors 
due  to  refraction  were  eliminated  as  far  as  possible  by  obsei'ving  at 
such  times  in  the  day  as  refraction  was  least,  namely,  late  in  the 
morning,  and  when  the  day  was  slightly  cloudy,  the  atmosjahere  still, 
and  there  was  no  perceptible  "  boiling  "  of  the  air;  also  by  observing 
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at  tlii'ee  dilierent  times  ou  auotlier  clay  iiutler  diftereut  atmosplieric 
conditions. 

From  the  instrument  position  1  on  the  near  bank,  a  reading  was 
first  made  on  rear  reference  point  A,  and  then  ten  readings  were  made 
on  fore  reference  point  B  on  the  other  side  of  the  river;  then  a  read- 
ing was  made  on  reference  point  D  on  the  second  line,  and  ten  read- 
ings were  made  on  the  distant  point  C  across  the  river.  Likewise, 
from  instrument  position  2  on  the  far  bank,  one  reading  was  made  on 
reference  point  B  and  ten  on  the  distant  back  turning  point  A  on  the 
rear  bank;  also  one  on  the  near  reference  point  C,  and  ten  on  the  dis- 
tant reference  point  D  on  the  rear  bank.  The  following  ax"e  the  results 
of  the  iowr  sets  of  observations. 


TABLE  No 

1.  8. 

5.301 

6.076 

4.295 

5.319 

6.096 

4.219 

4.293 

5.312 

6.109 

4.233 

4.288 

5.329 

6.108 

4.272 

4.299 

5.324 

6.094 

4.242 

4.307 

5.318 

6.103 

4.249 

4.300 

5.338 

6.109 

4.225 

4.304 

5.301 

6.105 

4.247 

4.292 

5.317 

6.091 

4.245 

4.282 

5.319 

6.098 

4.224 

4.311 

Means:  5.318 

0.099 

4.237 

4.297 

The  resulting  elevations  of  the  two  turning  points  on  the  far  bank^ 
as  obtained  from  the  above  observations,  were: 

Turning  point  571  +  3675,  from  east  bank,  807.211;  from  west 
bank,  807.203;  mean,  807.207;  extreme  difference  of  elevation,  0.008. 

Turning  point  571  +  3670,  from  east  bank,  805.523;  from  west 
bank,  805.514;  mean,  805.518;  extreme  difference  of  elevation,  0.009. 

The  divergence  of  the  lines  for  this  day's  work  was  at  the  east 
bank,  0.911  ft. ;  at  the  west  bank,  0.927  ft. 

Great  as  was  the  care  taken  in  this  work,  the  divergence  was  in- 
creased at  this  jjoint  by  an  unsatisfactory  amount,  and  it  is  the  in- 
tention at  some  time  in  the  near  future  to  return  to  this  point  for 
further  observations  and  also  to  return  to  the  portion  between  miles 
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100  and  250,  with  the  object   of  checking  these  weakest  points  in  the 
line. 

Quality  of  Geological  Survey  Precise  Levels.- — ^An  analysis  of  the  tables 
of  divergence  already  given  (Tables  Nos.  4,  5,  6  and  7),  in  which  com- 
parison is  made  between  the  actual  divergence  between  the  two 
lines  and  the  amount  of  divergence  allowable  under  the  limiting 
formula  .03  ft.  y  distance  in  miles,  is  given,  in  Table  No.  9,  for  every 
50  miles  of  line  run. 

TABLE  No.  9. 


Divergence. 

Divergence   Allowable 
UNDER  Formula. 

Distance. 

Partial. 

Total. 

Partial. 

Total. 

Miles. 
50 

- 

Feet. 

-  0.065 
r  0.029 
-0.181 
-0.174 

-  0.253 
•  0.1)83 

-  0.037 

-  0.003 
-0022 

Feet. 

0.065 

0.094 

0.375      1 

0.449 

0.702 

0.785 

0.822 

0.825 

0.803 

0.810 

0.892 

0.965 

0.945 

0.991 

0.985 

Feet. 
0.301) 
0.300 
0.300 
0.300 
0.300 
0.300 
0.300 
0.300 
0.300 
0.300 
0.300 
0.300 
0.300 
0.300 
0.300 

Feet. 
0.300 

100 

0  423 

150 

0.519 

■200 

0.600 

250 

0  671 

SOO 

0.7.35 

350 

0.793 

400 

0  848 

450 

0.900 

500 

-1-  0.007 
-f  0.082 
-1-0.073 

—  0.020 
-1-0. M6 

—  0  OOli 

0.949 

550 .       ... 

0  995 

600 

1.039 

650 

1.081 

700 

1.122 

750 

1.162 

In  this  table  the  distance  accepted  is  double  the  actual  direct  dis- 
tance run  by  each  of  the  two  lines;  for  example,  the  distance  used  in 
the  formula  at  the  jjoint  50  miles  from  the  beginning  is  100  miles.  It 
is  worthy  of  note  that  the  divergence  exceeds  that  permissible  under 
the  formula  between  200  and  250  miles,  and  that  it  remained  in  excess 
of  that  permissible  from  there  on  until  between  350  and  100  miles.  It 
<;ame  back  after  the  latter  point  and  remained  within  the  limits 
prescribed  by  the  formula  until  the  terminus  of  the  line  at  Atlanta  was 
reached.  Dividing  the  line,  however,  into  sections,  the  accumulated 
divergence  between  the  beginning  and  mile  200  was  0.449,  or  within 
the  limit  0. 600.  On  the  worst  section,  between  miles  200  and  350,  it  was 
0.373,  or  within  the  limit  0.519;  and  the  accumulated  divergence  be- 
tween miles  350  and  750,  a  distance  of  400  miles,  was  0.163,  or  far 
within  the  limit  0.848. 


WILSON   ON   SPIRIT   LEVELING. 


375 


The  fact  still  i-emaius  that  the  real  test  of  the  quality  of  the  work 
will  only  come  when  the  Hue  is  closed  back  on  mean  sea  level,  for  the 
results  above  obtained  do  not  take  into  account  systematic  or  constant 
errors  to  which  the  observations  are  liable,  and  this  class  of  errors  can 
only  be  checked  by  the  closing  of  circuits  of  lines  either  on  others  of 
similar  quality  or  upon  mean  sea  level.  The  uniform  accumulation  of 
errors,  so  prominent  between  miles  200  and  400,  is  not  at  all  unusual, 
having  been  experienced  on  nearly  all  lines  of  precise  levels  here- 
tofore run,  in  some  jjortions  of  their  lengths,  and  as  stated  by  Chief 
Computer  Schott  of  the  Coast  Survey  in  discussing  the  precise  levels 
of  that  organization  in  the  report  for  1892:  "  The  serious  part  of  this 
behavior  is  the  fact  that  we  have  no  assurance  that  the  mean  result  of 
the  two  measures  converges  to  or  diverges  from  the  true  value  of  the 
level." 

A  partial  comparison  of  the  quality  of  the  work  of  the  United  States 
Geological  Survey  is  obtained  by  taking  at  random  the  results  of  Coast 
Survey  geodesic  levels  between  Okalona,  Miss.,  and  Odin,  111.,  on  the 
lines  from  Biloxi  and  Odin  to  St.  Louis.  Table  No.  10  gives  the  dis- 
crepancy or  total  divergence  between  the  determination  of  bench- 
marks at  each  50  miles  on  that  line. 


TABLE  No.   10. 


Actual  Divergence. 

Divergence   Allowable 

UNDER  FORMtJLA. 

Distance  from  Okalona. 

Partial. 

Total. 

Partial. 

Total. 

Miles. 
50 

Feet. 

—  0.171 

—  0.289 
+  0.079 

—  0.2.54 

—  0..387 

—  0.058 

—  0.070 

Feet. 
0.171 
0.460 
0.391 
0.645 
1.032 
1.090 
1.160 

Feet. 
0.300 
0.300 
0.300 
0.300 
0.300 
0.300 
0.300 

Feet. 
0  300 

100 

0  423 

150 

0  519 

200 

0  600 

250 

0  671 

300 

0  735 

350 

0  793 

As  a  further  indication  of  the  value  of  such  comparisons,  the  fol- 
lowing is  a  list  of  the  several  independent  and  unadjusted  results  of 
the  heights  of  St.  Louis,  Mo.,  as  obtained  by  precise  levels  run  by 
various  organizations. 
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Biloxi  to  New  Orleans  (Coast  Survey),  and  by  Mississipiji 

River,  Vicksburg  and  Memphis  (Engineer  Corps) ....  413. 102  ft. 
Meridional  route,  Biloxi,  Mobile,   Corinth,  Odin  (Coast 

Survey) 410.681    " 

Sandy  Hook,  Albany  (Coast  Survey),  Oswego,  and  partial 

water  levels  Great  Lakes  to  Chicago  (Engineer  Corps).  413.986  " 
Sandy  Hook  to  Albany  (Coast  Survey),  and  Oswego  and 

Great  Lakes  partial  water  levels  to  Duluth  and  St. 

Paul  (Engineer  Corps) 412.937   " 

By  39th  Parallel,   Sandy  Hook,  Cincinnati,  Odin   (Coast 

Survey) 416.360   " 

St.  Louis  Directrix  (mean  values  of  above) 413.413  ft. 

It  will  be  observed  from  the  above  that  the  extreme  discrepancy 
between  the  various  results  is  5.679  ft.,  and  that  the  greatest  difference 
from  the  mean  is  2.947  ft. 

Cost  and  Speed. — Table  No.  11  shows  the  various  items  of  cost,  and 
speed  of  running  precise  levels,  by  the  three  leading  Government  or- 
ganizations. The  examples  selected  from  the  Engineer  Corps  and  the 
Coast  Survey  were  chosen  at  random  from  those  which  were  found 
available  after  diligent  search  had  been  made  through  numerous  re- 
ports. Those  for  the  Engineer  Corps  were  rather  clearly  stated  in 
the  reports  of  assistants  in  charge  of  the  work.  The  item  of  cost  for 
the  Coast  Survey  work  was  obtained  by  examination  of  the  printed  re- 
ports of  the  disbursing  officer,  and  the  best  effort  was  made  in  both  of 
the  above  cases  to  state  the  facts  as  nearly  as  they  could  be  derived 
from  the  published  reports.  The  column  of  actual  days  of  field  work 
is  based  on  the  assumption  that  there  were  twenty  days  available  for 
field  work  in  each  month,  as  this  has  been  the  average  in  the  Geolog- 
ical Survey. 

The  great  reduction  in  cost  per  mile  and  increase  in  speed  of  the 
precise  leveling  of  the  Geological  Survey  for  the  last  year  are  to  be 
almost  wholly  accredited  to  the  use  of  the  double-faced  rods.  As 
transportation  was  furnished  the  Geological  Survey  parties  by  the 
railway  company  over  whose  lines  levels  were  rim,  it  is  believed  that 
this  item  would  have  added  perhaps  f  1  per  mile  to  the  expense,  and 
the  items  enumerated  in  the  column  next  to  the  last  may,  therefore, 
be  increased  to  read  .f6  and  iB4.78  per  mile,  respectively. 
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TABLE  No.  11. — Cost  and  Speed  of  Government  Precise  LE\'EiiiNG. 


Organization. 

Year. 

Locality. 

H 

c_ 

o 

1 

^1 

32 

c 

u 
P. 

o 

a 

3' 

1 

% 

o 

Engineer  Corps 

1882 
1882 
189a 
1895 
1895 
1896 

1897 

CarroUton.  La.,  to 
Biloxi.  Miss 

Keokuk.      la.,      to 
Fulton.  Ill 

Biair,  Neb.,  to  De- 
witt.  Mo 

35 

50 
22 
.'55 
TO 

105 
48 

8r 

170 
32 

115  ~| 

150  i 

457 
308 

82  778 

3  252 

736 

3900 

2280 
1172 

2.5 
3.4 

1.5 

2.0 

4.3 

0.4 

831.93 
19.08 
23.00 

10.94 

5.00 
3.78 

$79.37 
65.04 
33.50 

Coast  Survey 

Richmond,  Va.,  to 

\Vashing"n,  D.  C. 
Lamar.     Mo.,      to 

Chester,  Ark 
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INSTEUCTIONS  FOR  LEVELING. 

1.  Primary  level  lines  should  be  run  ^vitll  one  or  two  rodmen  and 
one  levelman,  and  when  necessary  a  bubble-tender.  Where  such 
lines  are  run  in  circuits  which  will  check  back  ui^on  themselves  or 
other  lines,  one  rodman  will  suflSce.  Where  long,  unchecked  lines  are 
run,  two  rodmen  must  be  employed. 

2.  Single-Rodded  Lines. — Levelman  and  rodman  must  keep  separate 
notes  and  compute  differences  of  elevation  immediately.  As  levelman 
and  rodman  pass,  the  former  must  read  the  rod  himself,  record  and 
compare  readings,  then  compute  the  H.  L,and,  after  computations 
are  made,  compare  results  with  the  rodman.  No  comparisons  should 
be  made  until  the  record  is  complete.  If  the  results  differ,  each 
must  read  the  rod  before  comparing  anything  but  results. 

3.  Work  on  primary  lines  should  not  be  carried  on  during  high 
^vinds  or  when  the  air  is  "boiling"  badly.  During  very  hot  weather 
an  eftbrt  should  be  made  to  get  to  work  early  and  remain  out  late, 
rather  than  to  work  during  midday. 

4.  Fore  and  back  sights  should  be  of  eqiial  length,  and  no  sight 
over  300  ft.  should  be  taken  excejiting  under  unavoidable  circum- 
stances, as  in  crossing  rivei-s  at  fords  or  ferries  or  in  crossing  ravines. 
In  such  cases  extraordinary  precautions  must  be  taken,  as  relocated 
readings  at  changed  positions  of  rod  and  level,  etc. 

5.  If  it  is  impracticable  to  take  equal  fore  and  back  sights,  as  soon 
as  the  steep  slope  is  passed,  take  enough  unequal  sights  to  make  each 
set  balance.  In  this  case  extra  care  miist  be  taken  to  insure  correct 
adjustment  of  the  level. 
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6.  Distances  along  a  railroad  can  be  obtained  by  counting  rails;  at 
other  times  stadia  or  pacing  may  be  used,  according  to  the  quality  of 
the  work.  The  distances  in  feet  of  both  the  fore  and  back  sights 
must  be  recorded  in  both  note-books  in  the  proper  columns. 

7.  Always  level  the  instrument  exactly  before  setting  the  target. 
After  setting  it  and  before  giving  the  signal  "  all  right"  examine  the  level 
bribble.     If  found  to  be  away  from  center,  correct  it  and  reset  target. 

8.  The  level  must  be  adjusted  daily  or  oftener,  if  necessary.  The 
adjustment  of  the  line  of  collimation  and  of  the  level  tube  is  especially 
important. 

9.  Provide  rodmen  with  conical  steel  pegs,  6  to  12  ins.  long,  with 
round  heads,  to  be  used  as  turning-ijoints.  Never  take  turning- 
points  on  rails,  ties,  or  between  them.  Always  drive  the  pegs  firmly 
into  the  ground. 

10.  When  the  rod  is  lengthened  beyond  6.5  ft.,  both  the  rodman 
and  the  levelman  must  examine  the  setting  of  the  target  as  well  as 
the  reading  of  the  rod  vernier.  When  the  rod  is  closed,  see  that  the 
rod  vernier  indicates  6.5  ft.,  not  depending  upon  the  abutting  end  to 
bring  it  back  to  place.  Keep  the  lower  end  of  the  rod  and  the  top  of 
the  turning  point  free  from  miid  and  dirt. 

11.  Plumbing-levels  must  always  be  used  and  kept  in  adjustment, 
and  long  extensions  of  the  rod  avoided. 

12.  Leave  temporary  bench-marks  at  frequent  intervals  marked 
so  that  they  can  be  easily  identified.  These  may  be  on  a  solid  rock 
well  marked,  a  nail  driven  in  the  root  of  a  tree  or  post,  or  on  any 
place  where  the  mark  will  not  be  disturbed  for  a  few  weeks.  One 
such  bench-mark  should  be  left  for  every  mile  run,  in  order  to  give 
sufficient  i^oints  to  which  to  tie  future  levels.  Mark  in  large  figures 
in  a  conspicuous  place  when  possible  the  elevation  to  the  nearest  foot. 
Make  notes  opposite  all  elevations  at  crossings  of  roads,  railroads, 
streams,  bridges,  and  in  front  of  railway  stations  and  public  build- 
ings, and  of  such  other  facts  as  may  aid  the  topographer  in  his  work. 

13.  All  i^ermanent  bench-marks  miist  be  on  copper  bolts  or  bronze 
tablets  let  in  drill  holes  in  masonry  stinictures  or  in  solid  rock,  or  be 
on  the  iron  posts  adopted  by  this  Survey.  The  figures  of  elevation 
must  be  stamped  well  into  the  metal,  to  the  nearest  foot  only;  also 
name  or  initial  letter  of  the  central  datum  point. 

14.  A  complete  description,  accompanied  by  a  large-scale  sketch, 
must  be  made  of  each  bench-mark,  giving  its  exact  elevation  as  com- 
puted from  the  mean  of  the  two  sets  of  notes.  After  bench-marks  are 
stamjied,  both  levelman  and  rodman  must  examine  them,  and  record 
in  note-books  the  figures  stamped  thereon. 

15.  The  limit  of  error  in  feet  shotild  not  exceed  .05  v^  distance  in  miles. 

16.  Use  the  regular  Survey  level-books;  keep  full  descriptive  notes 
on  title-page  of  every   book,    giving  names,   dates,   etc.     Each    man 
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should  be  responsible  for  his  own  note-book;  aud  under  no  circum- 
stances should  erasures  be  made,  a  single  ])oucil  line  being  drawn 
through  erroneous  records. 

17.  When  errors  are  discovered  as  the  work  progresses,  reiioi-t  the 
same  at  once  to  the  toi)ographer  in  charge. 

18.  Keep  each  set  of  notes  separately  and  independently  as  taken, 
paying  no  attention  whatever  to  other  notes  except  to  compare 
results.  If  on  comparison  errors  are  discovered,  correct  them  only 
by  new  observations  or  computations.  All  notes  must  be  recorded 
directly  in  note-book.  Sei)arate  pieces  of  paper  for  figuring  or  tem- 
porary records  must  not,  under  any  circumstances,  be  lased. 

19.  Tn  long,  single-rodded  lines  make  two  target  settings  on  each 
turning-point,  by  first  signaling  "up"  or  "down"  to  a  setting, 
which  is  recorded  by  the  rodman,  then  unclamiiing  and  signaling  in 
the  ojjposite  direction  to  a  setting.  If  the  two  differ  more  than  .002 
of  a  foot,  additional  readings  must  be  made.  The  rodman  should 
record  all  readings,  using  in  his  computations  only  the  fir.st  of  the 
pair  adopted,  and  the  levelman  the  last. 

20.  Double- Rothlp-'l  Linei^. — In  running  unchecked  or  single  jjrimary 
lines  with  two  rodmen,  they  should  set  on  turning  points  10  to  20  ft. 
apart,  but  each  at  equal  distances  for  fore  and  back  sights;  other- 
wise the  above  instructions  are  to  be  followed  with  the  following 
modifications. 

21.  The  tripod  clamping  screws  should  be  loosened  when  the  in- 
strument is  set,  and  tightened  only  after  the  legs  are  firmly  jilanted, 
and  the  instrument  must  be  shaded  at  all  times  by  the  bubble-tender. 

22.  The  laborer  should  jjlaee  the  steel  tiirning  points  for  foresights, 
and  then  return  and  not  remove  the  backsight  points  until  the  levelman 
has  set  targets  on  the  new  fore  sight,  so  that  there  shall  be  in  the  ground 
at  all  times  two  turning  jioints,  the  elevations  of  which  are  known. 

23.  Bench-marks  left  at  termination  of  work  at  night,  or  for  rain 
or  other  cause,  should  be  practically  turning  points  in  a  continiious 
line.  They  should  consist  of  large  wooden  pegs  driven  below  the 
surface  of  the  ground,  with  a  copper  nail  firmly  embedded  in  the  top. 
One  of  these  pegs  is  to  be  used  as  the  final  turning  point  for  each 
rodman.  They  are  to  be  covered  with  dirt  or  otherwise  hidden,  their 
location  being  marked  by  sketches  in  note-books  showing  relation  to 
railroad  ties,  telegraph  poles,  etc. 

24.  An  index  book  or  list  of  bench-marks  must  be  kept  posted  in 
the  field,  in  ink,  for  all  classes  of  leveling  done.  In  these,  location 
sketches  of  permanent  bench-marks  may  be  made,  and  descriptions 
should  in  every  case  refer,  with  distance,  to  some  village,  section 
corner,  or  other  place  of  local  importance.  All  circuit  closure  errors 
should  be  distinctly  noted,  with  cross-reference  by  page  to  the  con- 
necting lines. 
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DISCUSS  ION. 


Mr.  Wait.  JoHN  C.  Wait,  M.  Am.  Soc.  C.  E. — The  cost  of  leveling  by  the 
Coast  Survey,  the  Mississippi  River  Commission  and  the  Geological 
Survey  has  been  given,  and  it  would  be  interesting  to  know  what  it 
has  cost  the  State  Engineer  of  New  York  to  take  levels.  The  speaker 
was  at  one  time  engaged  on  the  surveys  for  the  canals  of  New  York 
State,  but  he  cannot  give  any  data  as  to  cost  of  work.  However,  he 
would  like  to  say  a  word  as  to  the  methods  employed.  It  was  required 
that  the  error  in  feet  should  be  not  greater  than  .02  y  distance  in  miles. 
The  party  of  which  the  speaker  had  charge  was  arbitrarily  directed  to 
start  the  levels  at  Syracuse  and  run  to  Phoenix,  and  in  one  direction 
only,  that  is,  to  run  a  line  one  day  and  then  the  next  day  run  over  the 
same  ground,  and  see  that  the  difference  in  the  elevations  of  the  two 
points  checked  within  .02  ft.  y  distance  in  miles.  In  this  discussion, 
especially  by  Professor  Johnson  and  two  or  three  others,  the  sub- 
ject of  closed  circuits  has  been  briefly  mentioned.  The  author 
does  not  state  whether  closed  circuits  were  run  or  not.  The  dis- 
cussion by  memV)ers  of  the  Geological  Survey  shows  that  a  mistake 
of  a  foot  might  be  made  without  being  discovered.  This  could  not 
happen  if  the  circuit  was  closed  and  if  the  leveling  was  done  carefully. 
The  leveling  on  the  canal  referred  to  by  the  speaker  was  run  in  the 
same  directions,  and  the  benches  were  compared,  not  by  elevation,  but 
by  differences  of  level.  If  the  elevations  had  been  kept  until  the  cir- 
cuit Avas  closed  on  the  starting  point,  any  error  would  have  been  ap- 
parent. The  levels  were  run  in  March  and  April  when  there  was  slush 
and  water,  and  freezing  and  thawing,  and  it  was  discovered  when  the 
end  of  a  17-mile  section  was  reached  that  they  were  out  about  0.2  ft. 
when  compared  with  the  original  levels.  The  levels  were  run  very 
carefully  by  competent  men,  but  in  the  same  direction.  The  old 
work  done  on  the  canals  was  regarded  with  a  great  deal  of  respect, 
and  the  results  were  not  therefore  satisfactory. 

The  explanation  of  the  error  was  found  in  the  condition  of  the 
weather  and  of  the  ground.  The  level,  when  set  up  on  thawing 
ground,  was  liable  to  settle.  The  same  was  true  of  the  turning  peg. 
Thus,  the  foresights  were  too  small,  and  the  backsights  were  too 
large.  Instrumental  errors  will  usually  balance  each  other,  but  these 
were  cumiilative,  so  that  at  the  end  of  a  day's  leveling,  the  elevation  of 
the  final  bench-mark  was  too  great. 

If  the  levels  had  been  run  back,  or  m  the  opposite  direction,  these 
two  additive  errors  would  still  have  made  the  elevation  too  great. 
The  difference  of  those  elevations  might  have  been  within  the  limit 
.02  ft.  \/  distance  in  miles,  and  still  there  might  have  been  a  very 
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great  error  due  to  the  cumulative  influence  of  the  back  and  fore  sights  Mr.  Wait, 
in  a  U)ng  line.  This  was  no  doubt  the  cause  of  the  errors  in  the  canal 
levels  in  the  sections  of  which  the  speaker  had  charge,  and  was  the 
reason  they  did  not  agree  with  the  old  levels.  In  leveling  a  closed 
circuit— by  which  is  meant  not  simjjly  a  leveling  down  and  a  leveling 
back— the  only  way  to  check  the  levels  and  to  know  that  they  are 
correct  is  to  return  to  the  starting  point  and  to  keep  continuous 
elevations.  Yet,  in  all  this  discussion,  that  i)oint  has  been  omitted. 
Professor  Johnson,  in  his  book  and  in  his  discussion,  repeats  again 
and  again  that  the  levels  should  be  run  both  ways.  He  means  by  that, 
no  doubt,  that  there  should  be  a  closed  circuit,  biit  he  does  not  bring 
that  iJoint  out. 

When  the  levelers  on  this  caual  work  were  told  to  run  the  levels 
always  in  the  same  direction,  they  protested.  The  first  assistant  en- 
gineer said  that  the  reason  for  doing  so  was  that  he  wanted  to  apply 
the  method  of  least  squares  to  the  correction  of  the  errors.  This 
was  not  done.  The  speaker  would  emphasize  the  fact  that  levels 
must  be  run  in  a  closed  circiiit.  Throughout  the  paper  the  author 
has  not  stated  whether  the  levels  were  so  run  or  not.  If  they  were 
not,  they  are  not  of  much  value  as  precise  work. 

Rudolph  Herisg,  M.  Am.  Soc.  C.  E. — With  reference  to  bench-  Mr.  Herins. 
marks,  the  paper  states  that  bronze  plates  are  adopted  for  permanent 
records.  The  speaker  would  like  to  ask  why  it  was  thought  necessary 
to  use  such  an  expensive  bench-mark  ?  From  the  illustration  (Fig.  1) 
it  will  be  seen  that  there  is  a  fine  of  .§250  for  disturbing  the  bench- 
mark. Yet,  in  many  jjarts  of  the  country,  there  is  a  probability  of 
this  bronze  plate  being  stolen  without  a  chance  of  discovering  the 
thief  and  collecting  the  tine.  What  guarantee  is  there  that  these 
points  will  not  be  more  probably  disturbed  by  using  bronze  than  by 
using  a  less  valuable  metal '?  On  the  continent  of  Europe,  where 
leveling  is  done  as  well  as  anywhere,  and  records  are  carefully  pve- 
served,  they  do  not  use  such  exijeusive  bench-marks,  but,  so  far  as  the 
speaker  knows,  they  are  plain  wrought-iron  rods  prepared  so  that 
they  are  not  subject  to  very  much  corrosion.  Wrought  iron  corrodes 
only  when  there  is  a  chemical  action,  usually  caused  by  the  isresence 
of  uncombined  carbon,  moisture  and  carbonic  acid.  If  the  wrought 
iron  is  as  jjure  as  it  can  be  made  in  practice,  there  is  but  little 
corrosion.  It  is  known  that  the  water  pipe  of  the  Spring  Yalley 
Water  Company  of  San  Francisco  is  made  of  carefully  prepared 
wrought  iron  only,  and  it  is  said  to  be  the  most  durable  iron  pipe  in 
that  country. 

Generally,  such  valuable  bench-marks  are  buried  and,  located  by 
well-defined  reference  points,  thus  doing  away  with  meddling  by  un- 
authorized parties,  and  preserving  them  for  the  benefit  of  those  whose 
business  it  is  to  use  them. 
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CORRESPONDENCE. 


Mr.  Hall.  W.  Carvel,  Hall,  Esq. — Under  the  direction  of  the  author  the 
■writer  has  been  running  a  line  of  spirit  levels  in  the  South  during  the 
past  two  seasons,  and  as  he  has  done  all  the  work  himself  he  has  been 
able  to  ascertain  the  i^ractical  workings  of  the  methods  used. 

A  rod  with  a  flat  foot  resting  on  a  conical  surface  seems  preferable 
to  one  which  rests  in  a  cup-shaped  turning  point,  not  only  on  account 
of  the  greater  chance  of  dirt  clogging  the  foot  of  the  rod  and  point, 
but  because  the  radiiis  of  the  cup-shaped  point  must  be  larger  than 
that  of  the  rod  shoe,  and  it  is  i)ossible  that  there  may  be  a  change  of 
height,  with  the  rod  apparently  in  the  same  j^osition.  The  targets 
adopted  proved  very  satisfactory,  as  the  wedge-shaped  stripes  on 
their  faces  gave  a  much  better  mark  for  setting  than  either  a  plain 
stripe  or  the  line  of  division  between  two  colors.  The  form  of  the 
vernier  obviated  any  parallax  in  the  rod  readings,  the  effect  of  which 
had  been  very  large  for  the  first  30  miles  of  the  work,  on  some  days 
the  leveler  and  rodman  ditfering  twenty  times  in  their  reading  of  the 
same  rod,  thoiigh  the  personal  equation  was  slight,  as  sometimes  one 
was  too  high  and  sometimes  the  other. 

The  cross-section  of  the  latest  rods  is  cruciform,  which  will  be 
much  superior  to  the  rectangular  shape  adopted  for  the  second  set  of 
rods,  as  these  warped  badly,  and  when  the  rod-levels  showed  them 
to  be  plumb,  other  parts  of  the  rods  were  inclined,  making  it  diflBcult 
to  bisect  the  target.  The  "double  targeted"  rods  save  a  great  deal 
of  time  when  it  is  required  either  to  run  in  the  reverse  from  the  nor- 
mal direction,  or  to  have  the  leveler  check  the  rod  reading  before 
duplicating  the  lines  in  the  same  direction.  As  the  author  has  shown, 
a  skin  of  paraffined  wood  is  sufficient  to  prevent  the  rod  from  swelling 
on  account  of  damjiness,  and  is  much  better  than  thorough  satura- 
tion, because  then  the  screws  will  not  hold,  and  the  rod  being  so 
heavy,  it  is  difficult  to  keep  it  from  being  badly  scarred  and  splint- 
ered. 

The  level  used  was  very  rigid,  kept  its  adjustments  well  and  was 
remarkably  steady  in  windy  weather,  work  having  to  be  stopped  on 
account  of  the  rods  before  the  instrument  was  much  afi'ected.  The 
wind  did  not  cause  the  level  to  vibrate,  but  made  the  bubble  travel 
away  from  the  wind,  and  that  only  in  very  bad  gusts. 

Geodesic  leveling,  being  that  in  which  a  gradienter  angle  is  read, 
is  oi^en  to  a  serious  objection  in  addition  to  those  mentioned  by  the 
author.  The  leveling  instrument  when  in  use  in  the  field  is  always 
settling.  There  are  very  few  cases  where  masonry  can  be  used  as  a 
support,  and  as  there  is  nothing  whatever  which  tends  to  raise  the 
level,  it  must  settle.     The  worst  places  are  where  the  frozen  ground, 
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tliawed  by  the  triijod  legs,  lets  the  instrument  down  (^nicker  than  Mr 
usual,  and  it  is  almost  impossible  to  keep  the  bubble  centered.  In 
geodesic  leveling,  after  recording  the  reading  of  the  micrometer  head 
at  each  station,  which  indicates  the  point  at  which  the  bubble  is 
level,  it  is  assumed  that  the  reading  remains  constant  during  the 
time  of  observing  at  that  station.  The  Avriter  does  not  think  such 
can  be  the  case,  but  that  the  instrument  settles,  and  the  vertical- 
angle  computations,  instead  of  being  based  on  a  level  line,  as  as- 
sumed, are  really  based  on  lines  more  or  less  inclined;  which,  if  true, 
introduces  a  serious  source  of  error.  As  to  the  possibility  of  keeping 
the  bubble  centered,  the  writer  has  taken  at  random  from  his  notes 
the  results  of  one  day's  work,  which  show  the  relative  differences  in 
heights  of  adjacent  turning  points.  The  sights  were  all  between  295 
and  305  ft.  long,  and  the  total  divergence  between  the  two  lines  for 
that  day  was  only  0.004  ft. 

Six  times  no  difference  was  made. 

Eight  times  a  difference  of 0.001  ft. 

Ten         "  "  0.002    " 

Six  "  "  0.003    " 

Two        "  " 0.004    " 

All  of  this  difference  cannot  be  charged  to  the  incorrect  centering 
of  the  bubble.  Part  goes  to  the  settlement  of  turning  points  and  in- 
strument, part  to  "split  thousandths,"  and  part  to  the  inaccurate 
bisection  of  the  targets.  Though  the  bubble  may  not  be  truly  cen- 
tered invariably,  still  the  error,  by  careful  manipulation,  would  be  a 
balancing  one,  and  of  slight  effect  on  the  work.  The  instrument  was 
always  set  up  between  the  rails  and  ties  of  the  railroad  track,  while 
the  observer  stood  on  the  ties.  A  recorder  and  Vnibble  tender  were 
found  woi'se  than  useless,  for  the  bubble  and  instrument  do  not  move 
together.  This  seems  to  show  that  with  the  8-second  bubble  good 
work  can  be  done,  and  better,  the  writer  believes,  than  with  the  very 
delicate  bubbles  generally  used  in  precise  leveling,  for  they  are 
affected  by  outside  influences,  and  are  not  so  integral  a  part  of  the 
instrument;  consequently,  centering  the  bubble  will  frequently  throw 
the  instrument  out  of  level.  This  was  found  to  be  the  case  in  some 
experimental  work  in  Washington,  and  though  shorter  sights  must  be 
taken  with  the  coarser  bubble,  more  work  can  be  done  with  it  in  a 
day  because  of  its  easier  manipulation. 

The  speed  attained  in  the  work  of  the  Geological  Survey  during 
the  past  season  has  not  been  so  greatly  in  excess  of  that  attained  in 
geodesic  leveling  as  the  daily  average  would  show.  The  regular  rate, 
when  working  under  the  best  conditions,  Avas  a  mile  in  an  hour  and 
twelve  minutes.  The  rate  for  geodesic  leveling  has  been  stated  at  a 
kilometer  or  0.62  mile  an  hour,  which,  if  kept  up  for  nine  hours  a  day 
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Mr.  Hall,  as  the  work  of  the  survey  was,  would  have  made  a  rate  of  5. 6  miles 
per  day  for  the  former,  as  against  7.5  miles  for  the  latter — not  such  a 
great  difference  after  all. 

As  the  back  and  fore  sights  could  be  kejjt  of  the  same  length,  in- 
equality of  collars  or  inaccurate  adjustment  could  not  affect  the  vahie 
of  the  work,  and  this  source  of  error  was  avoided. 

The  crossing  of  the  Tennessee  River  at  Loudon,  Tenn.,  developed 
some  peculiar  facts,  and  the  results  are  not  yet  satisfactory.  The 
work  was  done  with  the  greatest  care,  nothing  being  allowed  to  vitiate 
it,  and  yet  the  results  of  three  different  days  running  were  widely  at 
variance  with  each  other,  though  any  one  day's  work  was  not  bad. 
No  correction  was  made  for  curvature  or  refraction  as  the  sights  were 
equal  in  length. 

TABLE  No.   14. 


Line  A. 

Line  B. 

From  East 
bank. 

Mean. 

From  West 
bank. 

From  East 
bank. 

Mean. 

From  West 
bank. 

807.211 


807.373 
807.354 
807.374 


Crossing  of  November  8th,  1897. 

807.207      I        807.203  ||  805.523        | 

Crossing  of  November  13th,  1897. 


805.518 


807.249 


I     805.519 


Crossing  of  November  19th,  1897. 
807.377      I        807.381  11  805.367        1 

807.369  807.385  805.379 

807.392      I        807.411  ||  805.380        | 

Mean  of  means. 


805.376 

805.384 
805.377 


807.319 


805.441 


805.514 


805.385 
805.389 
805.374 


Feet. 
Actual  difference  in  heights  of  points  on  east  bank,  as  deter- 
mined by  15-ft.  sights 0.072 

Same  by  1  800-ft.  sights,  first  day 0.060 

"      1  800-ft.       "       second  day,  first  trial 0 .077 

"      1800-ft.       "  "  second  trial 0.076 

"      1800-ft.       "  "  third  trial 0.035 

Actual  difference  in  heights  of  points  on  west  bank,  as  deter- 
mined by  15-ft  sights 0.776 

Same  by  1  800-ft.  sights,  first  day 0 .  771 

"      1800-ft.       "       second  day,  first  trial 0.780 

"      1  800-ft.       "  "  second  trial 0.748 

"      1800-ft.       "  "  third  trial 0.752 
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The  seeing  was  poor,  looking  west  for  the  last  two  sets  of  the  third  Mr.  Hall, 
day's  work,  and  for  the  last  set  looking  east  the  same  day,  and  though 
the  work  occuijied  all  of  a  clear  day,  there  was  no  "boiling." 

The  line  of  November  13th  was  run  down  85  ft.  to  the  river  and 
across  on  the  piers  and  up  again,  and  is  not  very  reliable,  as  the  banks 
are  very  steep  and  the  observer  had  to  be  hung  by  ropes  and  use  all 
sorts  of  exi>edients. 

C.  H.  Van  Okden,  Esq. — In  discussing  this  jjajjer  the  writer  trusts  Mr.  Van  Orden. 
he  will  not  fall  into  the  common  error  of  thinking  that  to  condemn  is 
to  criticise.  Very  far  from  condemning,  he  cordially  endorses  the 
author's  high  praise  of  the  wye  or  engineer's  precise  level.  While 
the  results  given  are  inconclusive,  they  go  far  to  show  the  high  class 
of  work  which  may  be  accomiilished  by  the  wye  level  and  simple 
methods.  Not  only  has  the  writer's  own  experience  shown  him  the 
high  character  of  such  work,  but  such  men  as  Professor  Boersch  and 
Dr.  Jordan  of  the  Prussian  Survey  contend  for  the  same.  The  former 
(In  Zeltschrift  fur  Vermessungswesen)  after  a  discussion  of  the  i^i'ecise 
level  says : 

"From  all  of  the  aforesaid  it  apjjears  that  with  the  expenditure  of 
great  care,  labor  and  cost,  no  better  results,  but  only  the  ai)pearance 
of  a  so-called  scientific  treatment  of  the  subject  can  be  shown.  The 
simpler  the  method  of  observation,  and  the  fewer  the  figures  required, 
without  decreasing  the  aeciiracy,  the  better  results  one  will  obtain, 
and  the  less  one  will  be  exposed  to  observation  and  computation 
error.  It  remains,  therefore,  always  preferable  in  field  observation, 
where  the  tripod  is  used,  to  emijloy  bul)bles  which  come  to  rest." 

The  writer  cannot  agree  with  the  author  as  to  the  non-imi^ortance 
of  a  bubble-tender,  as  he  considers  it  of  the  greatest  importance  to 
have  a  man  to  keep  the  bubble  in  the  middle  of  the  tube  at  all  times ; 
so  important  in  fact,  that  it  is  to  him  nearly  the  diflference  between 
good  and  ordinary  work.  Professor  Boersch,  above  quoted,  also  urges 
the  use  of  one. 

The  writer  also  considers  the  double  simultaneous  line  of  the 
highest  value — for  check,  if  for  nothing  else — and  would  iirge  its  use, 
even  if  it  were  to  be  run  both  ways.  With  a  height  of  instrument 
common  to  both  lines,  one  is  enabled  to  pick  up  small  errors,  such  as 
one  rod  not  on  highest  point  of  bench,  mud  on  bottom  of  rod,  mistake 
of  an  even  hundredth  in  reading,  etc.  It  is  also  important  in  making 
observations  where  there  is  refraction. 

In  the  paper,  stress  has  been  laid  on  the  value  of  short  sights  and 
of  sights  of  the  same  length  at  all  times,  but  results  do  not  verify  this 
claim.  In  the  writer's  double  line  between  Boston  and  Albany  (re- 
ferred to  by  the  author),  the  lines  diverged  at  only  one  jilace  by 
12  mm.,  and  closed  at  Albany  by  a  3-mm.  separation,  after  having 
crossed  and  recrossed  each  other  repeatedly.  As  to  distance,  great 
care  was  taken  to  have  equal  sights  at  each  set-up,  but  otherwise  the 
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Mr.  Van  Or.len.  lengths  of  sights  were  constantly  changing  from  200  to  000  ft. — chang- 
ing with  the  seeing. 

The  writer  diflfers  from  the  author  in  reference  to  setting  the  target 
accurately.  He  believes  it  is  much  better  to  set  it  nearly  right,  and 
then  estimate  the  number  of  thousantlths  the  target  is  plus  or  minus, 
and  at  once  correct  the  reading,  but  keep  on  the  margin  or  place 
ruled  in  the  note  book  for  it  the  amount  of  such  correction.  By  so 
doing  much  time  is  saved,  and  much  nervousness  to  both  observer 
and  rodman,  and  consequent  inaccuracies,  are  avoided.  With  a  square 
black  target  having  at  zero  a  horizontal  white  stripe  with  a  known 
width  of,  say  0.039  ft  ,  this  estimation  is  easy.  It  is  fair  to  assume 
that  the  mistakes  in  these  estimates  will  balance  each  other  for  each 
day.  The  writer  concedes  that  there  is  a  small  difference  in  lines  run 
both  ways,  yet  he  cannot  see  why  it  should  be  so.  When  an  instru- 
ment IS  set  up  and  the  back  and  fore  sights  have  been  read,  that  oper- 
ation is  completed,  and  as  each  set-up  must  involve  a  comjjlete 
operation  within  itself,  the  writer  cannot  see  what  difiference  it  makes 
whether  the  instrument  has  been  picked  up  and  carried  from  the  east 
or  from  the  west. 

It  is  also  stated  that  the  slowly  swaying  or  waving  rod,  when  at 
the  highest  apparent  reading,  will  be  perpendicular.  This  is  disputed 
by  a  well-known  engineer,  and,  thovigh  the  writer  does  not  question 
his  sincerity,  he  feels  sure  that  there  was  at  the  time  some  abnormal 
refraction.  Possibly  what  follows  on  refraction  may  solve  the 
problem. 

While  running  the  Boston-Albany  and  Albany-Dobbs  Ferry  lines  a 
number  of  observations  for  refraction  were  made,  and  the  resultant 
curves  (Fig.  I'd)  are  most  interesting.  The  following  method  of  con- 
structing these  refraction  curves  was  used:  The  level  was  protected 
with  a  large  carriage  umbrella,  as  it  was  in  the  regular  work,  and  a 
bubble-tender  was  used.  Generally  two  rods  were  used  at  different 
distances  from  the  level,  either  in  opposite  directions  or  the  same. 
When  two  were  used,  the  observations  were  made  first  on  one  and  then 
on  the  other,  as  rapidly  as  possible,  consistent  with  good  work.  Now 
and  then  a  little  time  was  given  to  see  if  the  refraction  were  changing 
much.  The  time  of  each  pointing  (setting  of  the  target)  was  recorded 
— the  rodmen  keeping  the  record  of  heights.  In  making  the  curves 
2-mm.  cross-section  jjaper  was  used,  and  the  first  pointing  in  each'  set 
(all  pointings  on  the  same  rod  from  the  same  set-up)  was  taken  as  zero, 
and  the  differences  between  that  and  each  following  were  used  in 
jalotting — for  instance  the  first  reading  was,  say,  4.346  ft.  and  the 
second 4. 350 ft.,  a  dilfcrence  of  .004  ft.,  which  equals  1.2  -j-  mm.  This 
was  increased  eight  times,  and  the  result,  9.6  mm.,  was  plotted  on 
the  sheet  above  the  first  and  under  its  i:)roper  time  distance  from  the 
first.     The  next  pointing  would  be  treated  in  like  manner,  giving  its 
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Mr.  VanOrden.  time  distance  from  and  its  scale  distance  above  or  below  tlie  first,  and 
so  on  until  tlie  whole  was  plotted,  after  which  a  "curve"  was  drawn 
through  the  plotted  points,  developing  a  waving  line  of  refraction. 
The  curves  show  a  periodicity  that  was  unexpected.  If  this  "  breath- 
ing "  exists  at  nearly  all  times,  and  with  such  a  periodicity  as  the 
curves  show,  may  not  this  account  for  some  of  the  inexplicable  sep- 
arations in  lines?  For  instance,  when  short  sights  are  used  and  made 
with  considerable  regularity,  might  not  the  backsights  be,  say,  at 
the  bottom  of  the  curve,  and  the  foresights  at  the  toja,  and  this  con- 
tinue for  several  set-ups?  These  experiments  were  made  in  working 
hours  and  in  the  line  of  levels.  The  method  was  to  set  up  and  send 
a  rod  forward  and  back,  and  then  set  the  target  repeatedly  as  the 
diagram  shows.  The  operation  was  precisely  that  of  leveling,  wdth 
the  addition  that  the  time  of  each  target  setting  was  recorded,  and 
long  sights  were  usually  taken.  The  results  were  not  plotted  until 
after  the  season's  work  was  done,  and  then  these  regular  curves  were 
developed.  Even  under  the  most  favorable  conditions,  some  curve 
was  shown. 

After  the  line  Boston-Albany  was  com^ileted.  Dr.  Mendenhall 
ordered  the  writer  to  Washington  with  two  of  the  party  and  the  in- 
strument and  rods,  to  try  the  method  around  the  Capitol,  over  the 
test-benches,  a  distance  of  1^  miles.  The  permanent  benches  were  so 
close  to  each  other  that  the  average  sight  w^as  about  158  ft. ,  and  with 
a  change  of  height  of  72  ft.  in  the  circuit.  The  levels  were  run  in  very 
unfavorable  weather — winter,  cold  and  snowy  and  blowing  hard  a 
great  deal  of  the  time.  This  line  had  been  repeatedly  run  in  good 
weather  as  well  as  in  winter  with  the  precise  level.  The  results  were 
Letter  than  those  obtained  with  the  latter.  Eight  double  lines  were 
run,  and  were  compared  with  the  same  number  of  the  best  of  the  pre- 
cise lines.  The  eight  lines  (12  miles)  carried  out  as  one  line  resulted 
in  a  minus  error  of  0.9  mm.  The  inexplicable  part  is  that  the  mean 
error  of  all  the  west  lines  (beginning  on  the  south  side  and  going  by 
way  of  the  west)  was  slightly  j)lus  but  nearly  zero,  and  the  mean 
of  all  the  east  lines  slightly  minus  and  nearly  zero.  The  west  lines 
were  slightly  higher  all  the  way  around  than  the  east  lines.  This  was 
not  an  accident,  for  all  the  east  lines  were  low  and  all  the  west  lines 
high.  They  were  riin  alternately  with  the  same  rods  and  rodmen  and 
the  same  care.  About  half  way  around  they  were  at  their  greatest 
difference  (not  far  from  1  mm.),  while  the  differences  were  very  small 
(the  mean  of  the  east  and  of  the  west  lines  being  but  0.06  mm.  from 
zero — an  amount  too  small  to  consider),  they  were  definite,  and  why 
they  were  always  one  way  is  left  for  others  to  decide.  That  this  i:)ecu- 
liarity  does  exist  and  is  not  accidental,  is  beyond  doubt.  It  is  also 
quite  certain  that  all  closed  circuits  have  a  tendency  to  come  back 
to  zero.     In  the  levels  for  the  Hoosac  Tunnel  (over  the  mountain), 
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this  was  very  marked,  the  lines  diverging  on  the  siimmits  and  in  the  Mr.  Van  Or«len. 
valleys  in  opposite  directions.  This  was  ascribed  mainly  to  differences 
in  the  rods. 

As  to  the  relative  merits  of  the  two  systems  the  following  is  quoted 
from  the  report  of  the  Geodetic  Conference  in  session  at  the  time  and 
immediately  after  the  Washington  levels  were  run.  "While  the  writer 
thinks  that  the  chairman  and  a  majority  of  the  committee  on  hyp- 
sometry  concluded  that  the  wye  level  over  the  test  circuit  in  Wash- 
ington, gave  better  results  than  the  precise  level,  they  felt  that  too 
few  high-class  lines  had  been  run  with  the  wye  level  to  speak  more 
definitely,  but  said  that  while  the  experiments  were  "inconclusive, 
all  point  to  a  high  degree  of  precision  with  the  wye  level  *  *  *^ 
and  if  iipon  investigation  it  shall  appear  that  less  elaborate  methods  oi* 
instruments  than  those  employed  on  the  survey  will,  by  the  use  of 
small  circuits,  i)roduce  satisfactory  results  with  an  increase  of  economy, 
purely  theoretical  consideration  should  not  prevent  their  adoption." 

The  writer  thinks,  as  did  the  committee,  that  wooden  are  preferable 
to  metal  i-ods.  As  for  turning  points,  he  found  the  ordinai-y  railroad 
spike  to  be  the  best  temi3orary  one  he  tried.  Owing  to  their  shape 
and  size,  they  were  very  firm.  They  were  always  left  in  the  ground, 
thus  enabling  him  to  pick  up  a  mistake  in  reading  in  a  short  time, 
instead  of  going  back  to  a  permanent  bench — pos.sibly  a  day's  work 
behind.     Three  miles  of  such  levels  is  a  good  day's  work. 

In  conclusion  the  writer  would  urge:  the  double  simultaneous  line; 
the  instrument  protected  from  sun  and  wind;  the  instrument  always 
to  be  set  up  in  the  middle  of  the  sights,  and  when  impracticable  the 
sights  following  to  be  adjusted  so  as  to  balance;  the  use  of  a  bubble 
tender;  changing  the  length  of  the  sights  to  suit  the  seeing;  setting 
targets  not  exactly;  levels  on  rods  at  right  angles  to  each  other  and 
at  an  angle  of  45°  to  the  line  of  levels;  a  fiat  shoe  on  the  rod  under  the 
graduation;  and  rods  of  white  pine,  with  T-shaped  cross-section,  pre- 
pared in  paint,  paraflSne  or  shellac.  A  maple  rod  should  never  be  used 
in  fine  work,  because  of  its  great  change  in  length  under  different  con- 
ditions of  the  atmosphere. 

The  writer  believes  the  most  complete  method  to  be  by  double  lines 
run  both  ways.  Had  Dr.  Mendenhall  remained  in  the  service,  it  was 
his  intention  to  have  a  double  line  run  from  Dobbs  Ferry  back  to  Bos- 
ton via  the  Shore  Line  by  the  same  observer,  method  and  instrument. 
The  instrument  used  in  the  foregoing  work  was  the  same  as  that  de- 
scribed in  the  paper. 

E.  M.  Douc4LAs,  Esq. — On  page  340  the  aiithor  states  that  in  pre-  Mr.  Dougfcw. 
viou.s  work  of  the  Geological  Survey  no  marks  have  been  left  on  the 
ground  which  would  serve  as  connecting  points  between  the  maps  and 
the  area  surveyed.     He  evidently  refers  to  vertical  control  points,  for 
it  is  well  known  by  everyone  connected  with  the  Survey  that  it  has 
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Mr.  Douglas,  always  been  the  rule  to  mark  carefully  all  main  horizontal  control 
points,  such  as  triangulation  stations.  The  marks  are  usually  large 
lettered  stones  set  in  the  ground,  or  marks  cut  on  solid  rock,  and  are 
quite  as  permanent,  although  not  so  conspicuous  or  numerous,  as  the 
newly  adopted  bench-marks.  Besides  these,  it  has  been  the  rule  in 
all  recent  surveys  to  locate  all  detached  houses,  and  also  section  cor- 
ners when  they  could  be  easily  found.  These,  as  Avell  as  the  bench- 
marks, serve  as  definite  tie  jjoints  between  the  maps  and  the  tojiog- 
raphy.  There  is  no  doubt,  however,  that  vertical  control  ijoints  are 
very  desirable  and  add  greatly  to  the  value  of  the  maps. 

The  errors  in  closure  of  circuits,  such  as  those  given  in  Table  No. 
2,  are  distributed  over  the  line  in  proportion  to  its  length.  Where 
circuits  overlap,  like  those  in  Fig.  3,  somewhat  arbitrary  adjiastments 
are  made,  the  errors  being  too  small  to  justify  the  use  of  the  method 
of  adjustment  by  least  squares,  For  example:  The  69-mile  circuit 
(Fig.  3)  being  only  0.016  ft.  in  error,  the  correction  per  mile  would  be 
less  than  0.001  ft.  These  adjustments  are  made  before  the  results  are 
published.  Considering  the  low  cost  of  the  work,  the  writer  believes 
the  results,  of  which  Table  No.  2  exhibits  but  a  small  i^art,  to  be  re- 
markable. 

It  has  been  insinuated  by  several  persons  that  the  results  were 
"  controlled,"  or  were  not  as  stated.  It  has  been  the  ru.le  in  that  part 
of  the  work  under  the  writer's  charge  to  have  a  j^ermanent  survey  em- 
ployee present  to  act  as  witness  and  prevent  the  possibility  of  any 
*' fudging  "  of  the  results  when  a  level  party  was  about  to  close  an 
imijortant  circuit.  It  is  evident  that  until  the  last  rod  reading  is 
made,  neither  the  levelman  nor  rodman  can  know  what  the  error  will 
be,  and  hence,  neither  can  intentionally  falsify  results  with  the  ex- 
pectation of  improving  them.  The  writer  himself  has  been  on  hand  a 
number  of  times  when  long  circuits  were  closed,  and  is  sure  the  level- 
man  could  not  have  changed  the  readings  without  being  detected. 

The  most  common  errors,  or  rather,  blunders,  are  those  of  an  even 
foot.  The  writer  has  known  of  four  or  five  such  mistakes.  These  are 
quite  apt  to  occur  where  New  York  leveling  rods  are  used,  and  are 
probably  due  to  mistakes  made  by  both  levelman  and  rodman  in  read- 
ing the  foot-marks  on  the  rods  when  set  for  readings  greater  than  6.5 
ft.,  the  natural  tendency  being  to  read  the  lower  foot-mark  on  the  side 
of  the  rod  rather  than  the  upper  one. 

When  large  closure  errors  are  discovered,  it  is  the  custom  to  run 
cross  lines,  breaking  up  the  circuit  into  smaller  ones,  and  when  the 
error  has  thus  been  traced  to  a  small  circuit,  to  re-run  the  old  line. 
The  errors  are  usually  found  to  be  blunders.  In  only  a  few  cases  have 
they  been  found  to  be  due  to  careless  or  dishonest  work. 

For  all  important  lines  it  has  been  the  writer's  plan  to  provide  a 
Itubbletonder,  whose  duty  it  was  to  shade  the  level  while  in  use,  and 
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also  to  watch  the  bubble.     Notice  of  any  change  in  it  from  exact  level  Mr.  Douglas, 
was   given   the   levelman  and   corrected   by  a   minute  movement   of 
one    leveling  screw.     The  signal,  "  all  right,"  Avas  not  given  to  the 
rodman  until  the  bubble-tender  first  said  "all  right"  for  the  level 
bTxbble. 

The  writer  is  not  convinced  that  the  author's  conclusion  regarding 
the  api^arent  advantage  of  an  8-second  bubble  over  one  of  3  or  4  seconds 
is  correct.  The  explanation  he  gives  is,  as  he  himself  says,  not  satis- 
factory. The  only  advantage,  if  there  be  any,  in  the  8-second  bubble 
over  a  more  sensitive  one,  is  that  the  levelman  is  less  worried  by  his 
attempt  to  keep  the  bubble  in  the  center  of  the  tube,  and  that  the 
readings  can  be  more  qiiickly  taken. 

C.  L.  BerctER,  Esq. — In  reference  to  the  comparison  of  the  char-  Mr.  Berger. 
acter  and  behavior   of  the  4-second   and  8-second  spirit  levels,  the 
writer's  experience,   as  derived  from  observations  in  shop  practice 
with  similar  levels,  tallies  very  closely  with  the  results  obtained  by 
the  United  States  Geological  Survey  in  the  field. 

So  long  as  a  leveling  instrument  is  mounted  on  a  tripod,  and  that 
not  of  the  heaviest  and  most  stable  pattern,  a  spirit  level  indicating 
8  seconds  of  arc  by  a  displacement  of  the  bubble  of  -fV  in.  will  do 
nearly,  or  fully  as  good  work  as  one  reading  direct  to  4  seconds  of  arc 
by  the  same  displacement  of  bubble.  For  closer  results  an  instru- 
ment with  a  level  of  the  latter  degree  of  sensitiveness,  should  there- 
fore be  mounted  on  a  large  tripod,  so  as  to  correspond  with  the  fine- 
ness of  level  and  power  of  telescoi3e  to  secure  commensurate  stability. 
Changes  in  the  position  of  the  bubble  will  then  be  less  frequent  and 
less  marked.  The  fact  that  a  more  sensitive  spirit  level  indicates  the 
changes  taking  place  in  the  instrument  and  trijjod  sj^eaks  in  its 
favor;  but  unless  it  be  accompanied  with  increased  stability  of  all 
parts  of  the  instrument  and  tripod,  it  will  be  more  likely  to  be  a  source 
of  trouble  than  a  gain,  as  it  will  create  nervousness  on  the  part  of  the 
observer,  owing  to  the  changing  position  of  the  bubble,  and  the 
vibration  of  the  more  powerful  telescoiie.  A  heaAuer  trijiod,  how- 
ever, would  often  unnecessarily  impede  transportation,  and  thereby 
rapidity  of  movements. 

Thus,  in  order  to  arrive  at  closer  results  with  a  4-second  spirit 
level,  the  style  of  instrument  and  the  methods  would  have  to  be 
changed  to  conform  in  character  to  those  customary  with  astronomers; 
but  as  this  is  a  subject  foreign  to  this  paper,  it  need  not  be  considered 
here. 

The  author  has  certainly  shown  that  a  good  observer,  using  proj)- 
erly  applied  methods,  and  with  instruments  and  apparatus  of  the 
types  illustrated  in  this  paper  can  obtain  very  gratifying  results. 
Plate  XIV  represents  the  new  geodesic  precise  level  made  for  Presi- 
dent Mendenhall,  of  the  Worcester  Polytechnic  Institute. 
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Mi-Sherman.  Chakles  W.  Shekman,  Juu.  Am.  Soc.  C.  E. — The  writer  wislies  to 
emphasize  more  strongly  than  has  been  done  in  this  paper  the  neces- 
sity for  testing  the  leveling  rod  before  accepting  it  as  accurate,  other- 
wise, cumulative  errors  of  considerable  magnitude  may  be  introduced, 
and  yet  the  error  of  closure  be  very  small.  Too  many  engineers  trust 
the  makers  of  rods  and  tapes  to  furnish  correct  standards,  and  even, 
when  required  for  fine  work  these  are  frequently  untested. 

The  following  example  shows  the  possible  effect  of  the  cumulative 
errors  of  the  rods.  The  difference  in  elevation  between  two  bench- 
marks was  determined  by  four  lines  of  levels,  or  two  circuits,  run  very 
carefully  with  two  rods.  The  instrument  used  was  an  excellent  Buff  & 
Berger  wye  level,  furnished  with  an  unusually  sensitive  bubble. 
Boston  rods  were  used,  both  of  which  had  been  tested  by  comparison 
with  a  standardized  tape.  The  first  or  direct  line  of  levels,  using  rod 
"  A,'^  showed  that  bench  mark  b  was  higher  than  a  by  141.673  ft., 
and  the  return  line,  with  the  same  rod,  showed  the  difference  to 
be  141.659  ft.,  the  error  of  closure  being  .014  ft.,  or  about  .01  ft. 
■>/  distance  in  miles.     (The  distance  between  a  and  b  was  3  850  ft.) 

The  direct  line  with  rod  "  5  "  gave b  —  a  =  Ul.  629  ft. 

And  the  reverse  line  with  rod  "  i?  "  gave  &  —  a  =  141.626  " 

Error  of  closure 003  ft. 

Or  about  .003  ft.  v^distance  in  miles. 

Using  rod  "A,"  mean  difference  of  elevation =  141.666  ft. 

Using  rod  "  B,"  mean  difference  of  elevation =  141.627  " 

Difference 039  ft. 

which  is  nearly  .03  ft.  v^distance  in  miles. 

If  errors  of  such  comparative  magnitude  appear  when  the  rods 
have  been  carefully  tested  and  correction  applied,  it  is  readily  seen 
that  very  appreciable  errors  may  occur  when  using  untested  rods, 
and  when  it  is  stated  that  the  maximum  error  in  the  graduation  of  rod 
"./I"  was  over  0.005  ft.,  the  importance  of  this  testing  becomes  still 
more  evident. 
Mr.  steckei.  R.  Steckel,  Esq. — Unless  there  exists  positive  proof  that  the  mean 
level  of  tide  water  at  Boston,  during  along  period  of  years,  is  identical 
with  the  corresponding  mean  sea  level  at  New  York,  and  that  the 
coast  at  these  two  i^laces  remains  continually  at  the  same  elevation, 
which  is  doubtful,  the  author's  statement  of  the  results  attained  by 
Mr.  Van  Orden  does  not  appear  to  the  writer  to  be  a  sound  or  con- 
clusive argument  in  favor  of  the  adoption  of  "plain  spirit-level 
methods  "  in  preference  to  geodesic  methods  for  precise  leveling  opera- 
tions. There  are  instances  on  record  where  the  results  of  precision 
leveling   between    distant  points  on  sea  coasts  show  that  the  abso- 
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lute  elevations  of  the  mean  sea  level  at  such  points  difter  notably  from  Mr.  steckel. 
each  other. 

It  is  not  (juite  clear  to  the  writer  as  to  how  a  careful  consideration 
of  the  theory  of  geodetic,  as  compared  with  plain  spirit  leveling,  could 
influence  the  author's  preference  for  the  latter.  In  g,eodetic  leveling 
nothing  is  left  to  chance;  curvature,  refraction,  inclination  of  level, 
inequality  of  collars,  error  of  collimation,  etc.,  are  all  taken  into  ac- 
count and  corrections  applied  according  to  the  distance  between  the 
level  and  rod.  Further,  should  it  be  considered  desirable  to  take  the 
extra  i^recaution  and  incur  the  extra  expense  of  erpializing  the  lengths 
of  the  fore  and  back  sights,  by  measuring  them,  as  recommended  by 
the  author  for  plain  spirit  leveling  operations,  all  the  usual  errors 
would  be  practically  eliminated  in  geodetic,  the  same  as  in  plain  spirit 
leveling.  By  adopting  the  former  method,  it  would,  moreover,  be 
quite  immaterial  whether  the  instrument  was  perfectly  in  adjustment 
or  completely  out  of  adjustment,  which  would  not  be  the  case  with 
plain  spirit  leveling. 

It  stands  to  reason  that  the  most  potent  factor  in  geodetic  leveling 
computations,  viz.,  the  distance  from  the  rod  to  the  level,  is  of  no  im- 
portance in  plain  spirit  leveling,  when  the  fore  and  back  sights  are 
apiH'Oximately  equal  or  differ  from  each  other  not  more  than  1  ft. ; 
neither  is  it  in  geodetic  leveling  under  like  conditions;  but  that  such 
an  equalization  is  always  easily,  ^-iz. ,  expeditiously  and  economically, 
attainable,  when  oijerating  with  an  ordinary  spirit  level,  is  not  so  evi- 
dent. For,  if  the  level  is  not  provided  with  stadia  wires,  the  only  way 
to  secure  sights  of  nearly  equal  length  is  the  old-fashioned  and  tedious 
jsrocess  of  measuring  the  distances  directly,  and  this  has  many  draw- 
backs when  passing  over  rough  ground. 

The  writer  fails  to  see  how  a  minute  error  in  distance  between  the 
focal  center  of  the  instrument  and  the  face  of  the  rod  can  affect  the 
results  of  geodetic  leveling  to  a  greater  extent  than  it  would  affect 
lilain  spirit  leveling. 

The  writer  agrees  with  the  author  in  his  statement,  that  in  geodetic 
leveling,  as  usually  performed,  the  results  are  encumbered  by  com- 
plicated and  bulky  compiitatious.  In  the  near  future  the  writer  hopes 
to  be  in  a  position  to  carry  on  geodetic  leveling  operations  in  a  man- 
ner that  will  permit  him  to  dispense  with  some,  if  not  most,  of  the 
computations,  which,  under  existing  conditions,  are  unavoidable;  and 
also  that  he  will  be  able  to  do  this  with  one-half  the  manipulations  of 
the  level  tube.  This  he  projjoses  to  accomplish  by  using,  in  place  of 
a  plain  spirit  level,  a  self  i-educing  Sanguet  tacheometer,  constructed 
in  a  slightly  different  manner  from  the  ordinary  instrument,  viz.,  so 
as  to  adapt  it  more  advantageously  to  geodetic  leveling. 

With  such  an  instrument,  horizontal  distances,  up  to  about  1  000 
ft.,  can  be  measured  automatically,   without  any  comjiutation  being 
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Mr.  Steckel.  required,  viz.,  within  n,  ft.  per  100  ft. ;  aud  V)y  inverting  the  telescope 
and  wire  diajihragm,  the  level,  which  is  a  donble-faced  one,  is  reversed 
at  the  same  time.  Besides,  by  taking  four  rod  readings  which  deter- 
mine three  consecutive  intervals,  corresponding  to  toj,  200  ^i^d  ^ho  of 
the  distance  from  the  rod  to  the  tacheometer,  there  is  secured  an  un- 
failing means  of  checking  in  the  office  at  any  time  both  the  height  and 
the  distance,  should  it  be  found  necessary  to  do  so.  These  foiir  rod 
readings  are  not  obtained  by  noting  the  intersections  of  an  equal 
number  of  horizontal  wires  stretched  on  a  diaphragm,  as  the  unequal 
lighting  of  the  rod  might  in  the  long  run  lead  to  erroneous  results; 
but  with  a  single  horizontal  wire  which  can  be  raised  or  lowered  by  a 
micrometer  screw,  automatically  as  it  were,  so  as  to  determine  on  the 
rod  the  series  of  intervals  mentioned. 

The  writer  has  had  such  a  Sanguet  tacheometer  constructed  by 
Cabasson,  of  Paris,  and  is  now  making  13-ft.  self-reading  target  rods, 
divided  into  feet,  tenths  and  hundredths,  for  use  in  connection  there- 
with. The  principal  difference  between  the  new  rods  and  other  tach- 
eometer and  leveling  rods  is  in  the  scale.  The  new  rods  have  a  double 
scale,  or  two  scales,  laid  out  along  the  same  vertical  and  in  one  plane; 
besides  which  they  can  also  be  used  with  one  or  several  sliding  vanes. 
One  of  the  scales  is  intended  for  short  sights,  up  to  about  100  ft., 
where  a  regular  sliding  target  can  be  dispensed  with,  and  the  other 
for  all  longer  sights.  Sliding  targets  are  intended  to  be  used  only  for 
very  long  distances  where  the  direct  reading  of  the  rod  by  the  ob- 
server is  out  of  the  question. 

The  indiscriminate  use  of  the  same  target  line  or  stripe  for  very 
short  as  well  as  for  comparatively  long  sights  does  not  appear  to  the 
writer  to  permit  of  the  observer  making  uniformly  accurate  pointings 
throughout,  or  of  the  eye  estimating  with  a  uniform  degree  of  precis- 
ion the  space  that  intervenes  between  the  apparent  intersection  of  the 
horizontal  wire  with  the  rod  and  the  nearest  division  line  of  the  rod 
scale. 

In  all  self-reading  rods  at  present  in  use,  so  far  as  the  writer  is 
aware,  it  is  taken  for  granted  that  spaces  of,  say,  1  cm.,  or  any 
other  standard  width,  can  be  subdivided  by  the  eye  into  a  small 
number  of  aliquot  jjarts  with  the  same  relative  degree  of  accuracy, 
at  a  distance  of  5  m.,  as  at  100  m.  or  more.  In  all  cases,  thou- 
sandths of  a  meter  or  of  a  foot  are  read  oft"  and  recorded,  whether  the 
rod  is  close  to  the  instrument  or  far  away  from  it,  yet  it  must  be  ad- 
mitted that,  as  a  rule,  a  centimeter  space  cannot  be  bisected  or  tri- 
sected by  the  eye  with  the  same  degree  of  accuracy,  when  it  is  seen  at 
a  distance  of  only  5  or  6  m.  as  when  it  is  viewed  from  a  distance  of  100 
or  200  meters. 

In  this  new  tacheometer  rod  the  lines  indicating  the  smallest  divis- 
ions are  to  be  put  on  so  as  to  be  practically  uudiscernible  at  a  dis- 
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tance  of  about  100  ft.,  ouly  the  larger  divisions  being  intended  to  re-  Mr.  steckel 
main  plainly  visible  at  a  greater  distance.    By  this  means  the  difficulty 
of  making  uniformly  correct  estimates  of  the  i^arts  into  which  a  unit 
space  appears  to  be  subdivided  by  the  cross  wire  is  in  a  great  measure 
overcome. 

The  writer  believes  that  in  many,  if  not  in  most,  cases,  the  com- 
puted mean  errors  by  which  two  or  more  lines  of  geodesic  levels,  as 
now  run,  are  assumed  to  be  affected,  represent  rather  the  mean  differ- 
ences between  errors,  the  precise  nature  of  which  has  not  yet  been  de- 
termined. This  opinion  is  shai*ed  by  some  French  engineers  who  dis- 
covered unmistakable  signs  of  inaccuracy  in  some  parts  of  the  first 
"  Nirelloiient  Genenil  de  France,"  which  was  made  under  the  direction 
of  Bourdaloue,  and  which  was  at  one  time  considered  to  be  all  that 
could  be  desired,  but  is  now  found  to  be  deficient,  notwithstanding 
that  all  the  calculated  mean  errors  fell  well  within  the  fixed  limit  for 
precise  leveling.  Anew  "  Nivel/e)nent  General"  has  been  undertaken 
in  that  country  with  a  view  of  securing,  if  possible,  more  reliable  and 
accurate  results. 

Notwithstanding  the  very  satisfactory  results  obtained  by  the 
method  of  plain  spirit  leveling  adopted  by  the  author,  in  the  absence 
of  more  conclusive  evidence,  and  under  all  the  circumstances  the 
writer  is  not  yet  jsrepared  to  admit  that  this  method  is  suj^ei-ior  to  that 
known  as  geodetic  leveling. 

Isaac  Winston,  Esq. — The  United  States  Geological  Survey  has  Mr.  Winston, 
been  charged  by  law  with  the  duty  of  establishing  numerous  bench- 
marks throughout  the  country,  of  determining  their  elevation  and  of 
marking  them  in  such  a  manner  as  will  make  them  most  useful  to  the 
public.  They  have  adopted  the  plan  indicated  in  the  paper,  and  lines 
of  levels  are  being  rapidly  extended  over  the  country  in  accordance 
therewith.  If  the  single  lines  of  wye  levels  in  closed  circuits  are 
really  as  accurate  as  the  closiires  of  the  circuits  indicate,  the  elevations 
will  serve  all  the  purposes  for  which  the  bench-marks  are  established. 
It  is  to  be  hoped  that  the  use  of  these  bench-marks  by  the  civil  engi- 
neers of  the  country  will  demonstrate  the  accuracy  with  which  the  ele- 
vations are  determined,  and  the  wisdom  of  the  officers  in  charge  of  the 
work  in  selecting  and  execiiting  their  plan.  The  entire  responsibility 
for  the  result  of  this  undertaking  rests  upon  the  United  States  Geo- 
logical Siirvey,  and  the  writer  is  unwilling  to  enter  into  any  voluntary 
public  discussion  of  their  plan  or  its  probable  result.  Such  informa- 
tion as  he  has  acquired  on  this  subject  as  an  officer  of  the  Government 
engaged  in  extending  the  standard  levels  of  the  United  States  Coast 
and  Geodetic  Survey  he  has  freely  placed  at  their  disposal,  whenever 
requested  to  do  so,  to  accept  or  reject  as  they  thought  i)roper. 

In  the  paper  there  are  many  references  to  the  leveling  work  of  the 
Coast  and  Geodetic  Survev  in  regard  to  instruments,  methods  and  re- 
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Mr  Winston,  suits,  and  the  writer  will  attempt  to  confine  his  notes  to  the  statements 
which  concern  the  work  he  is  executing  directly  or  indirectly.  He  de- 
sires to  state  that  all  opinions  expressed  are  personal.  On  page  345  the 
author  states  that  the  limit  of  allowable  error  between  two  levelings  of 
a  line  as  established  by  the  Coast  Survey  is  0.3  ft.  ^  distance  in  miles. 
The  limit  of  5  mm.  ^  2  it"  was  used  by  the  Coast  Survey  many  years  ago, 
and  this  api^roximates  the  limit  as  stated  above.  For  more  than  ten 
years  the  Coast  Survey  limit  has  been  5  mm.  ^  K,  which  is  exjoressed 
by  0.02  ft.  ^  distance  in  miles.  The  author  was  evidently  misled  by 
the  old  formula,  and  this  error  affects  his  computation  in  Table  No.  10. 
In  this  connection  it  must  be  remembered  that  this  limit  of  allow- 
able discrei^ancy  is  only  used  by  the  Coast  Survey  as  applied  to 
levelings  between  successive  bench-marks,  and  that  no  attempts  have 
been  made  to  eliminate  accumulation  of  discrepancy  or  divergence 
between  lines  over  longer  distances  by  repeating  the  work.  On  page 
348  the  author  claims  an  accuracy  for  his  wye  levels  which  is  inad- 
missible The  civil  engineers  of  the  country  will  require  a  stronger 
proof  of  accuracy  in  single  lines  of  wye  levels,  run  by  a  leveler  and 
rodman  in  circuits,  than  small  closing  errors,  before  they  subscribe 
to  his  statement  that :  "In  the  majority  of  cases  it  is  as  good  as  the 
best  precise  or  geodesic  leveling;  in  not  a  few  it  surpasses  this  in 
quality. " 

It  would  be  truly  remarkable  if  the  Geological  Survey  could  execute 
during  the  first  season's  work,  under  their  plan,  with  numerous 
levelers,  approximately  2  000  miles  of  such  levels  as  would  justify  the 
above  statement  (Table  No.  2);  and  in  the  writer's  judgment  such  a 
statement  has  no  foundation  in  fact,  and  is  not  justified  by  the  evi- 
dence presented.  In  the  face  of  this  sweeping  assertion  as  to  the 
accuracy  of  his  wye-level  work,  the  author  has  established  and  is  ex- 
ecuting a  very  difi"erent  system,  which  he  calls  "Spirit  Levels  of 
Precision"  (page  352).  The  publication  of  the  author's  "thorough 
examination  and  test  of  the  various  methods  employed  throiighout  the 
world  in  levels  of  precision  "  would  be  a  valuable  addition  to  the 
literature  on  this  subject. 

The  elevation  of  the  Coast  Survey  bench-mark  "Gristmill"  at 
Greenbush,  N.  Y.,  was  determined  by  running  a  line  of  wye  levels 
in  18.57  in  connection  with  the  investigation  of  the  tidal  planes  in  the 
Hudson  River.  Some  mistakes  in  the  line  were  discovered,  and  the 
discussion  of  the  tidal  planes  shows  this  line  of  1857  to  be  practically 
worthless.  The  importance  of  this  "Gristmill  "  bench-mark  resulted 
from  its  use  by  the  Engineer  Corps,  U.  S.  A.,  in  starting  from  it  to  de- 
termine the  elevation  of  the  Great  Lakes.  The  writer  has  read  the 
letter  from  the  superintendent  of  the  Coast  Survey,  furnishing  the 
elevation  of  this  bench-mark,  and  it  plainly  indicates  that  the  eleva- 
tion is  more  than  questionable. 
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Mr.  Van  Orden's  line  from  New  York  to  Albany  was  run  with  the  Mr.  Winston, 
same  level  and  rods,  and  by  precisely  the  same  method  which  he  used 
in  levelinpc  between  Boston  and  Albany,  and  conse(iuently  the  "  sjnrit 
level  "  elevation  brouj^ht  by  him  from  Boston  is  not  the  mean  of  "two 
geodesic  determinations."  The  writer  has  been  informed  that  Mr. 
Van  Orden  never  used  the  Coast  Survey  level  of  precision  in  obtain- 
ing standard  elevations  while  attached  to  the  Survey.  The  observa- 
tions made  in  executing  the  elaborate  series  of  experiments  in  level- 
ing, under  the  direction  of  Superintendent  Mendenhall,  at  Washington, 
have  only  been  partially  discussed  and  reduced,  most  of  the  work 
having  been  done  by  the  wi-iter,  and  in  his  judgment  the  results  are 
decidedly  in  favor  of  the  Coast  Survey  level  of  jiiecision.  The  ex- 
periments were  not  undertaken,  as  stated,  in  consequence  of  any 
results  obtained  by  Mr.  Van  Orden,  but  were  finished  before  his  line 
from  Boston  to  Albany  was  begun. 

Some  experiments  were  made  over  the  test  circuit  at  Washington 
after  he  had  finished  the  line  above  mentioned,  in  order  to  compare  the 
instrument  and  rods  with  those  in  use  by  the  Survey,  and  the  judg- 
ment given  above  is  based  on  this  comparison.  As  a  further  test  of 
the  Massachusetts  State  Survey  level  and  rods,  the  writer  was  in- 
structed to  relevel  the  line  between  St.  Augustine  and  Cedar  Keys, 
Florida.  The  instrument  and  rods  used  by  Mr.  Van  Orden  were 
employed,  and  his  methods  were  followed  closely  under  instructions, 
excejjt  in  the  detail  of  computing  the  height  of  instrument  at  each 
station  before  moving  forward,  and  the  result  was  that  the  two  lines  (a 
simultaneous  double  line  in  one  direction  was  run,  like  the  line  Boston 
to  Albany,  etc. )  constantly  diverged  from  the  beginning,  and  the  final 
result  differed  by  10  ins.  from  the  result  obtained  by  three  j^revious 
lines  with  the  Coast  Survey  level  of  precision.  Instead  of  the  result 
being  "  apparently  in  favor"  of  the  Van  Orden  spirit  level,  the  reverse 
was  the  case,  and  the  result  was  rejected  by  the  superintendent. 

President  T.  C.  Mendenhall,  of  Worcester  Polytechnic  Institute, 
after  his  experience  gained  in  the  experiments  and  trials  mentioned 
above,  has  indicated  his  last  judgment  on  this  subject  by  duplicating 
the  Coast  Survey  level  of  precision,  as  far  as  principle  of  construc- 
tion is  concerned,  in  the  jirecise  level  made  for  him  for  use  in  his  in- 
stitution. The  writer  has  been  unfortunate  in  not  seeing  this  level, 
and  the  above  statement  is  based  on  the  description  of  the  instrument 
given  to  him  by  Professor  Mendenhall.  The  writer  desires  to  state, 
in  addition  to  this,  that  the  Coast  Survey  method  and  instruments 
were  not  changed,  except  in  minor  details,  while  Professor  Mendenhall 
continued  in  charge  of  the  work,  after  all  the  results  of  the  various 
experiments  were  before  him. 

The  method  of  observing  used  in  the  Coast  Survey  w^ork,  as  referred 
to  on  page  354,  is  as  follows :  The  instrument  is  leveled  and  the  target 
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Mr.  Winston,  set  as  nearly  on  the  horizon  as  practicable;  the  level  bubble  is  brought 
to  the  center,  that  is,  so  that  both  ends  read  the  same  on  the  graduation, 
and  the  micrometer  read;  bisect  the  target  (narrow  white  band  with  ob- 
serving wire)  and  read  micrometer;  reverse  level  (end  for  end),  bisect 
target  and  read  micrometer;  bring  bubble  to  center  and  read  micro- 
meter; invert  telescope,  turning  it  180'^  in  the  wyes,  bring  bubble  to 
center  and  read  micrometer;  bisect  target  and  read  micrometer;  re- 
verse level,  bisect  tai-get,  and  read  micrometer;  bring  bubble  to  center 
and  read  micrometer.  Taking  the  mean  of  four  level  readings  (or 
settings)  as  above,  and  four  pointings  on  the  target,  the  diffei-ence  of 
the  means  measures  the  small  vertical  angle  between  the  target  and 
the  horizon,  provided  it  is  not  on  the  horizon,  and  gives  a  result  free 
from  error  of  collimation  and  level  adjustment.  In  addition  to  these 
precautions,  the  foi'esight  is  made  equal  to  the  backsight,  and  the 
insti'ument  is  always  protected  from  the  effect  of  sun  and  wind. 
The  practice  of  the  Coast  Survey  is  not  to  set  the  instrument  or  rods 
on  frozen  groimd.  Whenever  work  is  done  while  the  ground  is  frozen 
and  thawing,  the  frozen  crust  is  always  removed  from  a  space  large 
enough  to  plant  each  tripod  leg  and  the  foot-jilates  for  the  rods.  The 
rod  is  read  and  recorded  by  the  rodman,  and  an  independent  reading 
is  made  and  recorded  by  the  recorder;  the  two  readings  are  afterward 
comj)ared,  and  the  observer  only  reads  the  rod  when  there  is  a  differ- 
ence which  they  cannot  reconcile.  Only  two  or  three  divisions  of  the 
micrometer  are  used  in  these  measurements,  and  errors  of  micrometer- 
run  do  not  enter  into  the  work.  Finally,  as  the  only  angle  measured 
is  rarely  more  than  6  seconds  of  arc,  and  the  sights  are  limited  to 
100  m.,  the  "minutest  error  in  distance  between  the  focal  center 
of  the  instrument  and  the  face  of  the  rod  "  does  not  affect  the  work,  as 
it  becomes  a  "factor  "  too  small  to  consider.  The  most  sensitive  level 
vial  ever  used  in  Coast  Survey  work  is  one  division  of  the  level  = 
2  mm.  =2.1  seconds  of  arc.  The  rods  are  about  10  ft.  long,  not  12  ft. 
long,  as  stated.  They  are  read  by  using  a  scale,  and  not  a  vernier. 
The  rods  were  thoroughly  paraffined,  which  is  somewhat  objectionable, 
but  they  are  at  present  in  good  condition  after  being  used  live  seasons 
in  the  field.  The  device  for  reading  the  rods  without  jjarallax,  and  for 
clamjung  the  target  without  moving  the  rod,  were  both  suggested  by 
Mr.  E.  G.  Fischer,  chief  mechanician  of  the  Coast  and  Geodetic  Survey, 
and  both  are  admii'able.  One  of  them  has  been  adopted  in  construct- 
ing the  Geological  Survey  rods.  The  target  clamp  works  perfectly, 
and  results  in  saving  a  great  deal  of  time.  Only  a  careless  rodman 
will  allow  grit  or  dirt  to  collect  in  the  foot-plate  he  is  using,  and  a 
careless  rodman  should  always  be  eliminated  from  the  work  by  being 
discharged. 

The  writer  does  not  remember  in  all  the  published  results  a  more 
marked  divergence  of  two  lines  than  that  given  in  Table  No.  10.     This 
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occurs  in  the  mericlioual  route  between  Mobile,  Ala.,  and  St.  Louis,  Mr.  Winston. 
Mo.,  which  the  comparison  on  page  376  shows  to  be  a  bad  line.     Other 
comparisons  indicate  the  same  thing,  and  it  is  the  writer's  ojjinion 
that  i)ortions  of  this  line  must  be  releveled  or  the  whole  of  it  left  out 
of  the  final  adjustment  of  the  standard  elevations. 

The  comparison  of  the  cost  of  the  woi'k  of  different  bureaus  cannot 
be  taken  as  representative.  The  cost  of  the  Coast  Survey  work  men- 
tioned does  not  include  the  salary  of  the  ieveler,  which  would  in- 
crease the  cost  as  computed.  The  cost  of  a  leveling  party  while  in 
the  field  should  alone  be  considei-ed  in  computing  the  necessary  cost 
per  mile.  Locality  of  work  is  an  item  which  is  not  incidental  to  the 
woi'k,  and  all  transjjortation  to  and  from  the  field  should  not  be  in- 
cluded. In  some  parties  sent  out  by  the  Government,  the  item  of 
transportation  to  and  from  the  field  has  been  in  the  past  very  heavy. 
In  the  report  of  the  International  Geodetic  Association,  which  met  at 
Geneva  in  September,  1893,  will  be  found  illustrations  of  the  leveling 
instruments  and  rods  used  by  the  different  countries  of  Europe,  and 
nearly  all  have  a  special  form  for  their  instruments,  which  indicates 
that  all  nations  are  sti-iving  to  solve  the  very  difficult  problem  of  ac- 
curate determination  of  elevations  distant  from  the  sea  coast.  It  is 
notable  that  the  most  extensive  system  ever  undertaken  by  any  nation 
is  in  progress  in  France,  and  that  their  leveling  instrtxment  is,  in  prin- 
ciple of  construction,  a  practical  duplicate  of  the  Coast  and  Geodetic 
Survey  level  of  precision  which  Avas  adopted  more  than  twenty  years 
ago. 

In  conclusion,  the  Coast  Survey  recognized  the  necessity  of  an 
accurate  system  of  levels  throughout  the  country  a  quarter  of  a  cen- 
tury ago,  and  has  been  gradually  laying  the  foundation  for  such  a 
system  since  that  time.  No  pains  have  been  sj^ared  to  establish  eleva- 
tions which  will  be  useful  for  any  and  all  purjioses  for  all  time  to 
come.  The  annual  ajjpropriations  for  the  extension  of  the  work  have 
been  small,  and  comj^aratively  little  progress  has  been  made,  but  the 
writer  believes  that  the  excellence  of  the  work  Avill  continue  to  be 
recognized  and  its  extension  demanded  more  and  more  rajudly  as  time 
goes  on. 

Horace  M.  M.^kshall,  M.  Am.  Soc.  C.  E. — The  author  shows  a  Mr.  Marshall, 
lack  of  familiarity  with  the  method  of  precise  leveling  practiced  else- 
where than  on  the  United  States  Coast  and  Geodetic  Sui'vey.  He 
classes  the  levels  by  the  Mississippi  or  Missouri  River  Commissions 
in  the  same  category  with  those  by  the  Coast  Survey  and  terms  them 
geodesic,  when  in  fact  they  differ  from  one  another  as  much  as  the 
Geological  Survey  levels  differ  from  either.  Perhaps  the  classifica- 
tion w'as  made  by  some  such  syllogism  as  the  following: 

Triangulation,  i.  e.,  angle  measure,  is  geodesic.  Coast  Survey 
levels  measure  by  angles.     Coast  Survey  levels  are  geodesic. 
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Mr.  Marshall.  By  repeating  the  premise:  Geological  Survey  levels  do  not  measure 
by  angles.     Geological  Survey  levels  are  not  geodesic. 

Then  by  taking  the  last  conclusion  for  the  premise:  United  States 
Engineer  levels  diflfer  from  Geological  Survey  levels.  United  States 
Engineer  levels  are  geodesic. 

But  unless  the  Geological  Survey  levels  are  geodesic,  they  have  no 
proper  place  in  geological  surveys. 

To  give  specific  objections  to  the  methods  proposed  by  the  author: 
First,  no  system  of  levels  run  in  the  same  direction  can  ever  be  relied 
on  to  give  the  correct  elevation.  A  method  of  eliminating  eiTor  due 
to  instrument  settlement  will  be  referred  to  further  on.  The  only 
way  to  cancel  the  errors  caused  by  the  settlement  of  turning  i)oints  is 
to  run  the  line  in  opposite  directions,  and  while  this  is  accomplished 
by  using  Mr.  Hall's  double  graduated  precise  level  rod  in  the  manner 
illustrated  by  Fig.  11,  it  is  done  at  the  risk  of  blunders  should  the  rod 
exposures  get  mixed.  It  must  be  remembered  that  in  shade  red  can- 
not be  distinguished  from  black,  and  the  difference  in  the  shape  of  the 
target  is  the  only  guide.  However,  this  is  not  the  least  of  it  :  if  the 
error  in  refraction  be  due  to  a  difference  in  the  condition  of  the  atmos- 
phere before  and  behind  the  instrument,  then  the  second  objection, 
which  has  to  do  with  atmospheric  errors,  comes  in. 

No  programme  will  eliminate  errors  of  refraction  except  that  of 
making  the  back  and  foresights  equal,  and  even  then  they  will  not  be 
eliminated  in  the  case  just  stated,  though  the  error  will  not  show  in 
the  difference  of  elevation  obtained  by  the  siniultaneoiis  lines.  The 
only  way  to  find  out  if  that  unfavorable  condition  of  the  air  obtains  is 
to  re-run  the  line  at  another  time  when  the  conditions  are  different. 
The  only  use  for  the  "  limit  of  error,"  as  it  is  called,  is  as  a  criterion 
of  the  condition  of  the  atmosphere.  If  levels  are  to  be  run  all  day, 
except,  of  course,  when  the  air  boils,  then  a  limit  of  error  is  of  no 
value.  The  programme  should  be  relied  on  to  control  every  other 
element ;  the  method  of  reading  the  rod  to  detect  errors,  equal  back 
and  foresights  to  cancel  regular  refraction,  curvature,  personal  and  in- 
strumental errors  ;  the  backsight  re-read  after  each  foresight,  and 
the  mean  used  to  give  a  reading  simultaneous  with  the  latter,  to 
cancel  the  error  from  changing  refraction  and  instrumental  settle- 
ment ;  the  line  run  in  opposite  directions  to  cancel  settlement  of 
turning  points  and  all  residual  errors  ;  and  the  Avhole  entirely  under 
the  control  of  the  best,  most  highly  trained,  and  most  skilful  observer 
to  be  found. 

The  matter  of  the  relative  exactness  of  self-reading  and  target  rods 
can  only  be  determined  by  actual  observation,  but  there  is  scarcely  a 
doubt  that  the  three-hair  reading  is  a  better  independent  check  than 
trying  to  agree  on  a  target  reading  with  a  jolly  or  a  sulky  rodman;  in 
one  case  he  will  agree  to  anything  and  in  the  other  he  will  not,  and  one 
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is  as  bad  as  the  other.     In  fact,   in  the  three-hair  readiBg  lies  the  Mr.  Marsh;Ui. 
strength  of  the  method  of  observing,   to  get  independent  checks,  as 
well  as  to  ])revent  errors. 

Althouf>h  not  referred  to  iu  the  programme  above  outlined,  it  is 
proper  here  to  mention  the  form  of  support  for  the  rods  and  the 
characteristics  of  the  instruments  which  it  is  best  to  use.  The  broad 
foot-plate,  when  carefully  placed  on  the  ground,  all  loose  material 
being  scraped  away  and  the  plate  hammered  doAvn,  ought  to  give  less 
settlement  than  a  i:)ointed  pin  which  is  held  only  by  skin  friction, 
though  in  sandy  or  soft  soil  the  pin  may  give  the  better  support. 
Pins  have  sometimes  been  used  on  the  lines  of  the  United  States 
Engineers. 

The  bubble  of  a  level  is  the  sinn  qua  non;  and,  provided  it  can  be 
kept  at  the  center  while  the  rod  is  being  read,  the  more  sensitive  it  is, 
the  more  certainty  there  is  that  the  reading  is  taken  while  the  instru- 
ment is  level.  It  is  certainly  unique  to  assert  that  the  line  of  collima- 
tion  is  level  when  the  bubble  is  first  brought  to  the  center,  but  is 
thrown  out  by  bringing  it  back  when  it  runs  off  by  reason  of  changes  in 
the  instrument  and  its  suj^ports.  It  is  true  that  the  strength  of  the 
work  may  be  sacrificed  at  other  jjoints  by  too  great  sensitiveness,  also 
while  there  is  nothing  gained  by  making  one  link  stronger  than  the 
chain,  still  much  may  be  lost  by  having  one  link  weaker.  It  remains 
to  be  shown  that  a  programme  cannot  usually  be  fulfilled  which  will 
give  better  results  with  a  2  or  3-secoud  bubble  than  can  be  had 
by  any  handling  of  an  8  or  10-second  bubble,  and  this  notwith- 
standing an  adverse  comparison  made  to  conform  to  a  particular  pro- 
gramme in  a  particular  place.  By  the  use  of  the  slow-motion  screw 
under  the  eye  end  and  the  mirror  on  top  of  the  Kern  instruments  it  is 
not  at  all  difficult  to  keejj  a  3-8econd  bubble  centered  while  read- 
ing the  three  hairs  on  a  rod.  A  day's  practice  will  enable  almost 
any  one  to  see  both  rod  and  bubble  so  nearly  at  the  same  time  that  the 
image  on  the  retina  will  appear  as  one  natural  combination.  The  best 
observers  must  be  accurate  and  quick,  and  it  is  true  that  some  men 
cannot  handle  the  instrument  properly. 

To  go  back  to  the  programme :  By  equal  back  and  fore  sights  re- 
fraction is  eliminated  if  it  is  the  same  forward  and  back  of  the  instru- 
ment, and  if  it  is  not  the  same,  no  correction  is  going  to  better  the  mat- 
ter; cru-vature  is  canceled;  personal  error  is,  also,  provided  it  is  con- 
stant; and,  if  it  is  intermittent,  the  run  in  opposite  direction,  alone,  can 
cure  the  error,  unless  there  were  a  great  number  of  observers,  other- 
wise the  chances  are  equal  that  the  error  will  be  increased  or  dim- 
inished by  averaging;  instrumental  errors  are  canceled,  provided  the 
line  of  collimation  bears  the  same  relation  to  the  i^lane  of  the  bubble 
at  the  time  of  cori'esponding  front  and  back  reading.  By  repeating  the 
backsight    after    each     foresight,     settlement   of  the   instrument  is 
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Mr.  Marshall,  eliminated,  and  the  error  due  to  change  in  refraction  is  cancelled  in 
whole  or  in  part,  according  as  the  change  is  uniform  or  irregular. 

In  running  up  hill,  the  backsights  ai'e  in  excess  of  the  foresights, 
and  any  settlement  of  the  turning  jioint  between  instrument  set-ups 
adds  to  that  excess;  also  any  settlement  of  the  instrument  increases 
that  excess  by  subtracting  from  the  foresights;  hence  the  difference  in 
elevation,  as  determined,  is  too  large.  In  running  down  hill,  the  fore- 
sights are  in  excess  of  the  backsights,  and  any  settlement  of  the  turn- 
ing point  between  set-ups  diminishes  that  excess  by  adding  to  the 
backsights;  also,  any  settlement  of  the  instrument  diminishes  that  ex- 
cess by  subtracting  from  the  foresights;  hence  the  difference  in  eleva- 
tion as  determined  is  too  small.  It  follows,  that  when  a  line  is  run  in 
an  up-hill  direction  continuously, 'the  resulting  elevations  are  too  great; 
also,  when  run  in  a  down-hill  direction  the  resulting  elevations  are  too 
great,  if  the  initial  elevation  was  at  the  beginning  of  the  line;  further, 
that  lines  run  in  opposite  directions  will  give 
values  of  elevations  continually  diverging  by 
the  sum  of  the  settlements,  provided  it  pro- 
gresses all  up  hill,  or  all  down  hill,  and  the 
error  of  settlement  is  cancelled  out  of  the 
mean  elevations,  in  whole  or  in  part,  accord- 
ing as  the  settlement  was  regular  or  irregular 
over  the  homologous  i^arts.  From  this  arises 
the  fact,  that  when  a  line  progresses  up  hill 
the  runs  in  oj^posite  directions  diverge,  and 
when  the  line  changes  and  jirogresses  down 
hill  the  runs  converge,  or  what  is  the  same 
thing  the  divergence  increases  up  hill  and 
decreases  down  hill,  or  vice  versa;  but  when 
both  runs  are  in  the  same  direction,  only 
the  difference  of  settlement  enters  into  the 
divergence,  and  half  the  sum  of  the  settlements  remains  in  the  mean 
elevation. 

The  programme  of  precise  level  work  under  Major  J.  H.  Willard, 
United  States  Engineer  in  charge  of  the  tributaries  of  the  Lower  Mis- 
sissippi, is  the  same  as  that  lately  practiced  on  the  Mississippi  River 
surveys,  except  as  to  the  double  backsight,  which  was  originated  and 
first  used  by  Assistant  Engineer  T.  C.  Thomas.  This  feature  is  now 
held  to  be  equally  important  with,  if  not  more  important  than,  that  of 
reading  the  rod  with  the  bubble  centered,  introduced  by  J.  B.  John- 
son, M.  Am.  Soc.  C.  E.,  and  that  of  an  observer  duplicating  his  own 
line  in  opposite  directions,  first  suggested  by  L.  L.  Wheeler,  M.  Am. 
Soc.  C.  E.  If  the  instrument  shall  have  been  placed  on  the  ground 
so  that  the  settlement  is  not  normal,  because  the  earth  is  softer  or 
liarder  there  than  that  on  which  it  will  be  set  up  in  the  same  locality 
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on  the  backward  run,  the  advantage  of  eliminating  that  error  by  the  Mr.  Marshall, 
double  backsight  becomes  manifest.    So  too  in  regard  to  refraction,  if 
the  change  going  on  the  air  is  considerable,  but  regular,  during  one  run 
and  nothing,  or  alow,  during  the  other. 

River  crossings  are  made  by  two  observers  on  opposite  banks,  tak- 
ing simultaneous  readings.     A  river  crossing  taken  on  the  line  a  b  (Fig. 
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14),  and  duplicated  a  week  later  on  the  line  c  d,  gave  the  elevation  of 
point  M.  R.  C.  107/1  as  1.0328  and  1.0365  m.  below  the  initial  point 
on  the  opposite  bank;  the  difference,  3.7  mm.,  being  the  results 
of  the  two  sets,  each  consisting  of  forty-eight  rod  readings  across  the 
river,  one-half  from  each  side.    To  test  this  method  of  river  crossings  a 
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Mr.  Marshall,  line  was  leveled  across  a  bend  of  the  river,  and  then  a  double  line  was  run 
around  the  bend,  after  the  regular  method.  The  diagram.  Fig.  14,  shows 
the  situation,  and  Table  No.  12  the  observations  and  results.  On  the 
long  sights,  of  course,  target  rods  are  used.  Simultaneous  readings  are 
necessary  to  cancel  refraction,  and  duplication  of  work  by  the  same  ob- 
server from  opposite  sides  to  eliminate  personal  and  iustrvimental  error. 

As  is  the  custom,  instrumental  errors  are  accurately  determined 
from  time  to  time,  but  the  corrections  are  only  used  when  the  exigen- 
cies of  the  case  will  not  permit  the  regular  programme  for  running  to 
be  carried  out. 

As  to  organization  and  cost:  A  party  consists  of  one  instrument- 
man,  one  recorder,  two  laborers  to  carry  rods  and  one  to  hold  the  um- 
brella; the  wages  are  $295  per  month.  They  quarter  on  the  country 
at  about  $75,  and  are  transported  by  rail  or  vehicle  at  about  !550  per 
month,  making  the  total  cost  $320.  About  65  to  80  kilometers  advance 
of  line,  run  both  ways,  is  the  average  progress,  which  makes  the  cost 
from  $4  to  $5.33  per  kilometer. 

The  extent  of  the  work  done  and  the  results  which  have  been  ob- 
tained are  shown  on  the  sketch  map  (Fig.  15).  Arrows  indicate  the 
direction  in  which  the  levels  progressed.  The  numerators  of  the  frac- 
tions are  differences  of  elevations  expressed  in  meters  and  decimals; 
the  denominators  are  distances  between  contiguous  points  expressed  in 
kilometers.  When  lines  are  not  "closed,"  differences  of  elevation  by 
runs  both  ways  are  shown.  Table  No.  13  gives  comparisons  at  points 
common  to  lines  run  by  the  United  States  Engineer  office  and  by  the 
United  States  Coast  Survey. 

There  are  some  inconsistencies  in  the  pajier,  which  need  to  be  re- 
conciled.' In  the  instrument  used  on  the  Massachusetts  survey  it  is 
stated  that  the  telescope  is  hung  practically  as  in  a  transit  or  theodolite 
so  as  to  be  "free  from  any  change  (increase  or  decrease)  in  the  height  of 
the  line  of  collimation,  as  must  occur  in  other  instruments."  Yet,  fur- 
ther along,  in  conjunction  with  the  remarkable  statement  that  "  it  has 
generally  been  assumed  in  the  past  that  no  such  settlement  took 
place,"  it  is  stated  that  "the  instrument  (line  of  collimation)  can 
rarely  if  ever  rise." 

In  regard  to  primary  levels,  it  is  said  they  are  "not  of  such  a 
quality  as  would  classify  it  as  precise  or  geodesic  leveling,"  yet  in 
comparing  results  "the  mean  was  as  good  as  that  attempted  by  the 
United  States  Coast  and  Geodetic  Survey,  and  most  European  precise 
leveling. "  If  the  Geological  Survey  precise  levels  average  in  cost  $4. 39 
l^er  mile,  and  the  primary  levels  $5.13^,  why  run  the  latter  at  all? 

In  the  rejjort  of  the  United  States  Deep  Waterways  Commission  at 
IJage  71,  the  following  will  be  found: 

"  In  1894  the  Coast  and  Geodetic  Survey  ran  a  line  of  precise  levels 
along   the   Hudson    River,  starting   from  the  bench-mark  at  Dobbs 
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TABLE  No.   12.  — Test  Sights  across  Water.  Mr.  Marshall. 

Set  I.— February  26th,  1897. 


Simultaneous  Readings. 

Simultaneous  Readings. 

H.  near  peg  1. 

P.  near 

pegs. 

P.  near 

pegl. 

H.  near 

peg  2. 

S 

a 

a 

a 

a 

„S 

„a 

B.  S.  on 

o: 

§1 

o§ 

§1 

a 

§g 

"1 

peg  1,  80  m. 

^ai 

0}^. 

Mji- 

«>« 

°°7-r 

"^of 

02^. 

»§? 

E^Sf 

«^ 

fcb« 

"g> 

feM 

o. 

P. 

a, 

p. 

o. 

a 

Meters. 

Meters. 

Meters. 

Meters. 

Meters. 

Meters. 

Meters. 

Meters. 

1.1670 

0.8647 

1.4038 

0.9898 

0.9109 

1.2380 

1 .2.317 

l.(J514 

1.1670 

0.8457 

1.4034 

0.9900 

0.9310 

1.23a3 

1.2317 

1.6871 

1.1670 

0.8434 

1.3964 

0.9898 

0.9289 

1.2383 

1-2317 

1.6430 

1.1670 

0.8458 

1.3964 

0.9895 

0.9202 

1.2380 

1.2317 

1.6788 

1.1684 

0.8690 

1.4028 

0.9893 

0.9278 

1.2380 

1.2317 

1.7096 

1.1678 

0.8393 

1.3966 

0.9891 

0.9293 

1.2382 

1.2317 

1.6587 

Mean....  1.1678 

0.8513 

1.3996 

0.9896 

0.9248 

1.2381 

1.2317 

1.6714 

Difference,  + 

0.3160 

+0. 

4100 

-0. 

3133 

-0. 

4897 

Mean  difference  of  elevation,  +  0.3697. 


Set  II.— March  1st,  1897. 


Simultaneous  Readings. 

Simultaneous  Readings. 

P.  near  peg 

1. 

H.  near 

peg  3. 

H.  near  peg  1. 

P.  near  peg  2. 

a 

a 

a 

a 

a 

a 

a 

Co 

Co 

Co 

Co 

Co 

Co 

©s 

B.  S.  OD 

oco 

©so 

©CO 

©s 

Oi 

peg  2,  920  m. 

cc^' 

02  oi- 

t««- 

02  rn' 

tB« 

02  „' 

a3« 

fa  W) 

mg) 

fe^ 

S3  ** 

fe^ 

fa  ^ 

a 

a 

0. 

A 

P. 

ft 

ft 

Meters. 

Meters. 

Meters. 

Meters. 

Meters. 

Meters. 

Meters. 

Meters. 

O.as.39 

0.6898 

1.1615 

1.5627 

0.7984 

0.4880 

1.6386 

1.2027 

0.8232 

0.6398 

1.1618 

1.5859 

0.7984 

0.4865 

1.6339 

1.1997 

0.3344 

0.6295 

1.1613 

1.5760 

0.7985 

0.4965 

1.6381 

1.2030 

0..S351 

0.6295 

1.1618 

1.5886 

0.7987 

0.4783 

1.6436 

1.2031 

0.3374 

0.6395 

1.1618 

1.5845 

0.7987 

0.4756 

1.6436 

1.2031 

0.3155 

0.6295 

1.1618 

1.5848 

0.7987 

0.4807 

1.6852 

1.2081 

Mean.... 0.3281 

0.6296 

1.1617 

1.5804 

0.7986 

0.4834 

1.6888 

1.2034 

Difference,  —  ( 

).3015 

—0.4187 

+0.3153 

+0. 

4364 

Mean  difference  of  elevation,  — 0.3679. 
All  readings  are  tlie  mean  of  normal  and  inverted  telescope. 
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Mr.  Marshall. 
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Loop  Closure  over  Land  and  Water. 


Distance  be- 
tween marks. 

Difference  of  elevation. 

Remarks. 

Forward. 

Back. 

Mean. 

Peg  1. 

Kilometers. 
0.0 
2.01 
0.92 

+6  .'3684 
+0.3697 

^;3679 
—0.3679 

Meters. 

■foisesi 

+0.3688 

'>     2. 
"     3. 

Over  land. 
"     water. 

Ferry.  The  superintendent  gives  the  elevation  of  the  bench-mark  on 
the  Gristmill  as  13.645  ft.,  with  the  following  note:  'The  difference 
between  the  above  (13.645)  and  any  former  results  is  probably  due  to 
the  more  perfect  determination  of  tidal  level  than  to  any  other 
canse.'  " 

This  gives  a  result  differing  by  0.425  ft.  from  the  value  by  the  Mas- 
sachusetts Topographic  Commission,  which  is  also  presumably  based 
on  "the  more  perfect  determination  of  tidal  level  "  at  Boston,  and 
this  is  the  only  comparison  between  precise  levels  as  yet  run  to 
the  Gristmill  bench.  For  the  levels  of  1877  were  run  over  only  a  por- 
tion of  the  line  of  1857-58,  which  was  run  with  a  wye  level,  and  the 
value,  14. 730,  or  more  exactly  14. 728,  is  only  made  in  part  better  than 
the  original  15.37. 

By  using  the  value  13.645  the  report  above  referred  to  shows,  on 
page  80,  that  the  Lake  Survey  line,  run  by  the  United  States  Engineers 
along  the  Great  Lakes,  checks  with  the  Mississippi  Eiver  Commission 
line,  brought  from  the  Gulf  of  Mexico  at  Biloxi,  with  a  difference  of 
only  0.05  ft.  at  Chicago  and  0.19  ft.  at  Duluth. 

It  is  true  the  Deep  Waterways  Commission  is  silent  as  to  the  fact 
that  the  United  States  Coast  and  Geodetic  Survey  had  run  the  line 
fi'om  Biloxi  to  Greenville,  Miss.,  and  supplied  the  elevation  at  Green- 
ville to  the  Mississippi  River  Commission.  The  Coast  Survey  eleva- 
tion was  referred  to  mean  Gulf  level  at  Biloxi,  as  deduced  by  them- 
selves from  the  tide-gauge  I'ecord  kept  by  the  Mississippi  Eiver  Com- 
mission. The  difference  between  this  mean  Gulf  level  and  the  Cairo 
datum,  to  which  the  Mississippi  River  Commission  levels  were  re- 
ferred, was  6.3613  m.  at  Greenville,  and  that  difference  was  used  to 
convert  all  elevations  between  Greenville  and  Carrollton.  The  Missis- 
sijipi  River  Commission  ran  a  line  of  precise  levels  from  Carrollton  to 
bench-mark  F  at  Biloxi,  and  raised  the  Coast  Survey  elevation  thereof 
49  mm.  or  0.16  ft.;  then  by  using  only  part  of  their  own  tide-gauge 
observations,  the  mean  Gulf  level  was  raised  0.24  ft.  above  the  Coast 
Survey  determination,  the  two  making  a  difference  of  0.4  ft.,  which  is 
yet  to  be  reconciled. 
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TABLE  No.  13. — Comparison  of  Elevations  at   Points  Common  to  Jir.  Marshall. 
U.  S.  Coast  and  Geodetic^  Survey  and  U.  S.  Engineer  Precise 
Levels. 


C.  &  G.  S. 

U.  S.  E. 

Closure. 

Place. 

QQ 

s 

II 

s  ® 

Q 

1 

.2 

Q 

Difference  of 
elevation. 

C.  &  G.  S. 
minus 
U.  S.  E. 

Remarks. 

Smithland,  La 

Vidalia.  La 

Km. 
0.0 
107 

Meters. 

0.1) 
+  4.5133 

Km. 

0.0 

719' 

697-^ 

655 

a37=' 

771* 

736 

720 
912 

Meters. 
0.0 

+^.5075 
44.4(!.55 
+13.0788 
-t-25.2314 
--25.1293 
-1-27.3783 

+30.7659 
+65.5327 

Mm. 

+    5.8 
--47.8 
-f-  21.0 
—125.5 

—  23.4 

—  19.3 

—  15.8 
-103.4 

'  Via  Trinity,  La. 
a   "    Rayville,  La. 

3  Fta  Delta,  La. 

*   "    Monroe,  La. 

Delta,  La 

Greenville,  Miss... 

248 
437 

+13.1004 
+25.1059 

Arkansas  City,  Ark 

McGehee,  Ark 

Little  Rock,  Ark.. 

471  s 

491 
653 

+27.3590 

+30.7501 
4-65.4293 

'Greenville    to  Arkansas 
City,  by  M.  R.  C. 

Horace  Andrews,  M.  Am.  Soc.  C.  E.  — It  seems  unf ortunate  that  Mr.  Andrews, 
the  Geological  Survey  has  decided  to  mark  its  bench-marks  perma- 
nently with  heights  that  are  known  to  be  uncertain.  Perhaps  some 
means  could  be  devised  to  mark  the  bolts  and  wall  plates  in  a  prelim- 
inary manner  so  that  eventually  correct  height  marks  could  replace 
those  first  given.  The  writer  believes  that  in  the  leveling  of  France 
the  wall  marks  were  so  arranged  that  height  numbers  could  afterward 
be  added  or  replaced  with  others  if  necessary.  It  would  be  advisable 
to  make  fundamental  bench-marks  at  points  isolated  from  buildings. 
The  appearance  of  solidity  in  a  building  is  no  criterion  of  its  suitabil- 
ity to  receive  a  bench-mark.  The  nature  of  its  foundations  should  be 
known,  and,  in  general,  it  would  seem  that  the  less  the  weight  on  the 
foundations,  the  less  changeable  would  be  the  bench-mark. 

The  Geological  Survey  has  an  admirable  opportunity  to  try  experi. 
ments  with  different  methods  of  leveling,  and  it  is  to  be  hoped  that  it 
may  find  occasion  to  do  this.  The  methods  given  by  the  author  are 
those  in  everyday  use  by  engineers,  but  the  Survey  has  not  yet  proved 
them  to  be  the  best  or  the  most  economical.  Probably  a  greater  num- 
ber of  miles  of  precise  levels  have  been  run  in  Germany  and  France- 
than  in  the  rest  of  the  civilized  world,  and  it  is  not  evident  why  the 
federal  surveys  have  cut  loose  from  the  methods  of  these  countries,, 
particularly  as  to  abandoning  the  use  of  a  rod  that  can  be  read  by  the 
leveler  without  dependence  on  the  rodman.  Although  the  use  of  the 
"  speaking  rod  "  will  necessitate  shorter  sights,  yet  if  the  law  of  prop- 
agation of  error  in  lines  of  bench  leveling  is  such  that  error  increases, 
not  only  as  the  square  root  of  the  length  of  line  run,  but  also  as  the 
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Mr.  Andrews,  square  root  of  the  length  of  the  iudividual  sights,  then  it  may  be  that 
the  shorter  sights,  necessitated  by  the  use  of  the  speaking  rod,  will  be 
a  distinct  advantage.  There  are  other  advantages  to  be  derived  from 
the  use  of  rods  that  can  be  read  without  targets.  Probably  the  pay 
of  two  rodmen,  who  will  be  amply  qiialified  to  use  speaking  rods,  will 
not  much  exceed  that  of  one  rodman  qualified  to  use  a  target  rod. 
The  writer  cannot  agree  with  the  author  that  it  is  wise  to  distribute 
the  responsibility  of  rod  reading,  but  thinks  the  resjionsibility  should 
rest  with  the  man  at  the  level.  Certainly  with  rodmen  amply  qualified 
to  use  a  speaking  rod  and  who  can  be  picked  up  everywhere  the 
leveler  would  not  be  so  dependent  upon  "congenial  relations  "  with 
the  rodmen,  for  he  could  very  easily  obtain  men  to  replace  those  who 
were  obstructing  the  proper  progress  of  the  work. 

It  is  worthy  of  remark  that  the  Coast  and  Geodetic  Survey  at  first 
used  a  rod  with  a  metal  scale  instead  of  the  wooden  rod  used  ex- 
clusively for  precise  leveling  throughout  all  other  countries  where 
levels  of  precision  have  been  taken,  but  has  recently  adopted  the 
latter.  Perhaps  the  use  of  very  complicated  methods  and  target  rods 
will  also  be  abandoned  in  futui'e  in  favor  of  the  simpler  practices 
attendant  on  the  use  of  speaking  rods  and  shorter  maximum  sights. 

As  regards  the  ordinary  wye  level  in  daily  use  by  engineers,  the 
writer  has  always  found  it  to  possess  some  defects  which  could  be 
easily  remedied.  The  tripod  is  so  deficient  in  torsional  rigidity  that 
in  a  heavy  wind  it  is  almost  imj^ossible  to  do  good  work.  The  tripod 
shown  in  Fig.  5  should  be  a  decided  improvement,  but  a  still  wider 
bracing  at  the  head  would  be  better.  The  inversion  of  image  is  of  so 
little  importance  that  it  seems  unwise  to  increase  the  length  of  the 
telescope,  and  to  diminish  its  light  for  the  sake  of  securing  an  erect 
image,  yet  this  erection  of  the  image  seems  to  be  sought  by  all 
makers  of  the  ordinary  wye  level. 

Where  the  graduation  of  the  bubble  is  not  etched  on  the  glass, 
but  is  placed  on  a  detached  metal  scale,  as  is  usual  with  engineer's 
levels,  great  convenience  in  adjustment  could  be  obtained  by  making 
this  bubble  scale,  so  that  it  could  be  shifted  lengthwise  by  a  proper 
screw  motion.  The  writer  has  never  seen  this  improvement  added  to 
a  level,  but  it  has  been  recommended,  and  he  has  found  it  to  work 
to  advantage  in  leveling  a  theodolite,  where  the  level  tube  had  2- 
second  divisions,  and  its  adjustment  would  have  been  almost  impos- 
sible by  means  of  the  usual  end-screws.  An  important  defect  in  a 
leveling  instrument,  especially  where  the  bubble  is  to  be  kept  in  ad- 
justment at  the  moment  of  rod  reading,  is  the  omission  of  a  mirror 
in  which  the  level  tube  divisions  can  be  seen  by  the  leveler  as  he 
stands  at  the  eye  piece.  Fig.  5  does  not  show  such  a  mirroi'.  In  the 
instruments  for  the  new  leveling  of  France,  an  attempt  has  been  made 
to  make  the  bubble  visible  through  the  eye-piece  by  reflection,  and 
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levels  with  tliis  arrangemeut  have  beeu  made  in  Germauy  for  several  Mr,  Andrews, 
years.     The  writer   has  never  heard  any  details  as  to  their  use.     See 
Figs.  16,  17  and  18. 

A  circular  level  for  approximately  leveling  the  instrument  Avonld 
etfect  a  saving  of  time.  A  tine  screw  for  accurately  bringing  the  level 
into  play,  as  shown  in  Fig.  5,  would  also  be  desirable,  especially 
when  used  in  connection  with  a  mirror  for  reading  tlie  bulible. 

The  rodman  is  said  to  "  watch  the  fore  and  back  jjlumbing  level,*' 
while  the  level  man  watches  the  vertical  wire  for  correct  plumbing  in 
the  other  direction.     The  writer  has  alwavs  found  that  the  rodman 
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Fig.  17. 


Fig.  18. 

could  plumb  in  both  directions  by  using  two  levels,  or  preferably  a 
circular  level,  more  easily  than  he  could  watch  one  level,  and  keep 
his  eye  on  the  leveler  at  the  same  time.  In  running  lines  of  levels 
where  the  speaking  rod  had  a  circular  level  for  plumbing,  the  writer 
has  given  directions  to  the  rodman  to  watch  the  rod  level  constantly, 
and  under  no  cii'cumstances  to  look  at  the  leveler  until  the  latter 
indicated  by  a  whistle  that  he  had  completed  his  sight. 

It  would  be  a  matter  of  interest  if  the  eflect  of  paraffine  soaking 
could  be  tested  daily  for  a  Avhile,  in  the  field,  by  a  standard  steel 
measure,  and  inlaid  metal  marks  on  the  rod,  as  is  done  in  the  case  of 
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Mr.  Andrews,  the  German  precision  levels.  The  character  of  the  rod  would  thua 
be  shown  more  satisfactorily  than  is  possible  where  the  tests  are 
made  in  the  office  under  conditions  dissimilar  to  those  in  the  field. 

The  author's  practice  of  keeping  the  bubble  in  adjustment  and  in 
play  at  the  moment  of  reading  is  conducive  to  rapid  work  and 
simplicity  in  the  notes,  but  this  practice  is  not  unusual,  even  in  pre- 
cise leveling.  Of  course,  if  an  attempt  is  made  to  take  extremely 
long  sights,  and  to  use  a  1-second  or  2-second  level,  the  motion  of 
the  bubble  will  be  so  sluggish,  and  the  adjustment  so  difficult,  that  a 
reading  of  the  inclination  of  the  level,  with  subsequent  correction, 
will  be  indisijensable.  With  the  usual  maximum  sights  of  50  m., 
as  is  customary  in  France  and  Germany,  the  level  used  is  not  so  sensi- 
tive as  to  render  it  impossible  or  very  difficult  to  keep  it  in  adjustment 
and  in  play.  The  usual  level  graduation  in  the  German  precise 
levels  is  four  seconds  of  inclination  for  a  bubble  run  of  2  mm. 

The  expediency  of  running  bench  lines  on  frozen  ground  is  ques- 
tionable. The  sinking  of  both  instrument  and  rod  has  been  treated 
at  length  by  writers  on  the  subject,*  the  effect  being  to  increase  the 
apparent  difference  of  height  of  end  points  in  every  case.  The  writer 
has  fotind  that  by  chopping  holes  in  the  frozen  ground,  in  which 
to  rest  the  tripod,  stability  could  often  be  obtained.  Some  of  the 
German  tripod  legs  have  heavy  iron  shoes,  and  these  are  provided 
with  projections  so  that  the  legs  may  be  shoved  firmly  into  the  ground 
by  means  of  the  foot.  This  is  an  admirable  device  for  securing  the 
stability  of  the  instrument. 

The  writer  wishes  to  ask  the  author  to  explain  the  manner  of  set- 
ting his  bench-marks.  Is  this  done  at  the  time  of  the  leveling,  or  in 
advance  of  it?  If  done  in  connection  with  the  field  work,  the  writer 
finds  that  it  frequently  wastes  the  time  of  the  whole  party;  however, 
the  plan  of  the  work  may  render  this  unavoidable.  The  entire  cost 
of  the  work  would  also  be  of  interest,  if  this  were  known. 

The  published  results  of  the  former  general  leveling  of  France 
indicate  a  cost  of  about  ^16  per  mile.  The  recent  leveling  has  cost 
much  less,  the  results  having  been  published  by  Lallemand  in  1889 
as  follows  (francs  per  kilometer  being  converted  into  United  States 
equivalents) : 

Measurements  in  the  field $5.92  per  mile. 

Checking  and  computing 1.95         " 

Bench-marks,     books    and    instrument 

repairs 1.15         " 

Publication  of  results 1.15         " 

Total  cost  of  precise  leveling ^10.17         " 

*  See  Zeitschrift  fur  VermessungswcHen,  May,  1892,  Einsinken  der  Nivellirinstrumente 
und  der  Latten,  by  Jordan. 


EKRATA. 

Transdctions,  Vol.  XXXIX. 

Page  411,  twenty-seventh  and  following  lines:  For  "They  do  not 
undertake  to  run  their  two  lines  along  side  by  side,  thus  securing 
a  large  uneliminated  constant,  as  does  the  author  ;"  substitute 
"They  rim  their  two  lines  along  at  the  same  time,  side  by  side, 
and  thus  do  not  eliminate  the  constants  of  heaving,  settling  or  in 
observing." 

Page  412,  tenth  and  following  lines  :  For  "The  writer  has  recently 
ran  123  stretches,  amounting  to  76  miles  of  lines;  and,  being  out- 
side of  this  limit,  he  is  still  engaged  in  checking  the  lines.  Such 
statements  and  facts  as  that  tell  what  kind  of  work  the  writer  is 
doing."  Substitute  "The  writer  has,  to  date,  completed  123 
continuous  stretches,  amounting  to  76  miles  of  completed  line, 
all  falling  inside  the  above  limit  3  mm.  \/2  K.  Such  statements 
of  fact  tell  what  kind  of  work  the  writer  is  doing." 
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The  cost  of  precision  levels  in  Germany,  in  connection  witli  im-  Mr.  Andrews, 
provements  on  tlie  River  Saale,  a  distance  of  63.3  km.,  leveled  doubly 
with  a  mean  error  of  =h  2.77  mm.  per  kilometer  (i  0.012  ft.  per  mile) 
has  been  published  by  Mr.  Gerke  as  25  marks  per  kilometer,  or  about 
^9.50  per  mile.  This  low  sum  is  doubtless  due  to  the  small  cost  of 
skilled  labor  in  Germany. 

In  the  table  of  comparisons,  following  Table  No.  10,  the  author 
refers  to  levels  of  the  federal  surveys  by  way  of  Albany.  It  should 
be  pointed  out  that  an  uncertainty  seems  to  exist  as  to  these  levels.* 

O.  W.  Ferguson,  Esq. — The  author  shows  that  the  United  States  Mr.  Ferguson. 
Geological  Survey  is  doing  valuable  work  in  obtaining  the  topography 
of  the  country.  Their  methods  and  results,  so  far  as  given,  are  of  the 
best  ordinary  kind;  but  certainly  it  is  a  mistake  to  claim  that  this 
system  of  leveling  is  equal,  if  not  superior,  to  that  which  has  hereto- 
fore been  called  precise  leveling  as  developed,  by  civilian  engineers 
under  the  United  States  Engineer  Corps. 

The  author's  statements  differ,  in  many  particulars,  from  what  the 
writer  has  found  to  be  triie  in  leveling.  His  work  is  without  doubt 
good,  the  bench-marks  have  a  good  apjaearance,  and  the  Geological 
Survey  is  a  success.  The  writer  believes,  however,  that  a  few  of  the 
main  lines  of  levels  should  have  been  done  by  true  precise  level 
methods;  but  it  takes  "time  for  even  good  and  able  men  to  find  what 
has  been  done  and  use  the  best  methods  of  the  period. 

The  writer  does  not  wish  to  champion  the  United  States  Coast  and 
Geodetic  Survey  methods  of  so-called  geodesic  leveling,  for,  while  at- 
tempting much,  they  have  not  sifted  their  methods  down  to  practical 
work.  They  do  not  undertake  to  run  their  two  lines  along  side  by 
side,  thus  securing  a  large  uneliminated  constant,  as  does  the  author; 
but,  having  a  good  spirit  level,  they  seem  to  lack  the  courage  to  use  it, 
as  they  descend  to  angular  measurements  with  the  aid  of  a  micrometer 
screw,  etc.,  well  described  and  properly  condemned  in  the  paper. 
This  method  introduces  more  error  than  they  pretend  to  eliminate,  to 
say  nothing  of  the  loss  of  time. 

The  author  says  that  after  a  careful  study  of  instru^ments  and 
methods,  it  was  decided  that  the  work  should  be  of  the  highest  attain- 
able character  of  spirit  leveling.  It  would  seem  from  this  that  even 
before  he  had  done  any  leveling,  he  did  not  purpose  to  leave  any  ground 
for  precise  leveling  (properly  so-called  by  the  United  States  Engi- 
neer Corps  and  by  French  and  German  engineers)  to  stand  on;  for  was 
not  that  then  and  now  considered,  and  justly  so,  the  "  highest  grade  " 
of  spirit  leveling? 

The  limit  of  precision  set  was  0.5  ft.  "i/ distance  in  miles,  which  is 
not  a  severe  limit,  especially  as  "  constants  "  were  not  eliminated.  The 
limit  of  precision,  in  the  work  done  by  the  Mississipj)i  and  Missouri 

*  See  Report  of  the  U.  S.  Deep  Waterways  Commission,  Washington,  1897,  p.  71. 
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Mr.  Ferguson.  River  Commissions  on  the  Tennessee  and  southern  rivers  since  1890, 
has  been  3  mm.  -/  2  distance  in  kilometers  =0. 017  ft.  -/ distance  in  miles ; 
and  all  lines  are  run  from  bench  to  bench  in  one  direction, 
and  then  from  bench  to  bench  in  the  opposite  direction — eliminating 
all  "constants"  caused  by  heaving  or  settling  or  any  cause — they 
being  included  in  this  discrepancy  of  3  mm.  .y  2  distance  in  kilometers. 
About  95%"  of  the  stretches,  which  average  1  100  m.  in  length,  come 
within,  and  usually  far  within  this  limit,  the  average  error  being  about 
A-  of  it. 

The  writer  has  recently  run  123  stretches,  amounting  to  76  miles 
of  lines;  and,  being  outside  of  this  limit,  he  is  still  engaged  in  checking 
the  lines.  Such  statements  and  facts  as  that  tell  what  kind  of  work 
the  writer  is  doing.  A  statement,  however,  which  is  also  true,  that  he 
has  just  run  1  000  m.  forward  and  back  and  agreed  to  0.0006  ft.,  and 
that  there  are  a  half  dozen  lines  of  from  10  to  50  miles  in  length  that 
check  to  zero,  does  not  determine  the  chai'acter  of  the  work,  for  wonder- 
ful things  may  even  occur  through  blunders.  The  author  shows  some 
very  good  checking,  but  in  reliability,  and  usually  in  accuracy,  it  is 
not  to  be  compared  to  precise  leveling. 

There  is  no  certainty  that  there  are  not  lanit  errors  of  0.1,  1.0  or 
10.0  in  those  results.  Such  an  error  would  have  to  be  a  coincidence, 
but  a  coincidence  is  said  to  be  that  which  usually  happens.  The  results 
are  probably  quite  free  from  bliTuders,  but  are  not  in  the  class  of  pre- 
cise levels,  neither  would  one  doing  precise  levels  consent  to  iise  any 
part  of  such  work  in  his  line. 

The  author  makes  three  fundamental  mistakes,  and  in  each  case  he 
is  unscientific  in  his  conclusions. 

He  seems  to  argue  that  in  the  best  sijirit  leveling  there  is  some  de- 
finite relation  between  the  value  of  the  tube  divisions  and  the  reading 
on  the  rod;  and  in  describing  the  "  Gurley  "  level  and  the  10-second 
bubble,  he  writes:  "This  requires  greater  care  on  the  part  of  the  in- 
strumentman  in  leveling  his  instrument,  and  for  the  length  of  sight 
adopted  gives  a  degree  of  accuracy  well  within  the  limit  of  setting 
and  reading  a  target  to  thousandths  of  a  foot,"  just  as  if  his  wire  was 
going  to  pay  any  attention  to  his  thousandths  on  the  rod.  Not  at  all. 
The  object  should  be  to  have  such  a  spirit  level  that  the  wire  will  fall 
where  it  should.  It  will  be  none  too  correct  if  it  were  to  detect  less  than 
ToVo  ft.  In  fact,  the  bubble  should  set  the  target  within  this  unit  of 
—0-00  if  he  expects  to  get  nearly  to  toVo  in  his  reading. 

This  same  error  is  seen  very  openly  further  on,  where  he  argues  for 
a  stupid  level  tube  instead  of  a  sensitive  one.  In  writing  of  the  4- 
second  and  8-second  bubbles,  he  says: 

"  The  8-second  bubble,  being  more  rapidly  manipulated,  is  used 
more  surely  and  calmly."  Again,  "All  the  indications  of  the  above 
seem  to  the  author  to  point  out  that  the  more  sensitive  1.5-second  and 
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3-8ecou(l  bubbles,  used  by  othei-  precise  levelmen,  do  not  show  the  Mr.  Ferguson, 
real  action  of  the  iusti-ument.  It  is  only  jiossible  to  use  them  while 
not  sighting?  througli  the  telescope  and  while  watching  the  bubble. 
*  *  *  The  author  is  accordingly  oi  the  opinion  that  the  results  ob- 
tained by  this  method  with  a  more  sensitive  bubble  are  not  likely  to 
be  any  better,  if  as  good,  as  those  obtained  by  the  less  sensitive  bubble 
more  quickly  manipulated." 

This  is  all  a  mistake,  but,  at  the  same  time,  his  instrument,  compared 
to  a  precise  level,  is  clumsy.  In  precise  levels  a  good  observer  prefers 
a  tube  of  1-second  or  2-second  curvature  to  a  division  2^  mm.  long 
(about  iV  in.).  In  thejjrecise  level  the  bubble  is  under  fine  and  strict 
control,  whereas  so  fine  a  bubble  could  not  be  "  harnessed  "  on  the 
"  Gurley  "  level;  but  even  then  the  accuracy  would  be  just  as  great, 
but  the  difficulty  is  with  the  instrument  and  not  with  any  inferiority 
in  the  (better)  tube. 

In  practice  a  l-second  or  2-second  level  under  control  settles  with- 
out any  delay,  and,  further,  a  little  creeping  in  it  does  not  signify  as 
much  as  it  would  in  a  4-second,  8-second  or  10-second  tube.  And 
the  bea^^ty  of  it  is  that  if  there  is  any  significant  disturbance  it  is  a 
wide-awake  monitor  to  indicate  that  fact. 

Again:  "The  least  movement  of  the  bubble  which  is  perceptible 
to  the  eye  shall  correspond  to  the  least  division  which  is  visible  on  the 
rod."  Much  better  that  it  should  not  be  detected  on  the  rod.  In 
precise  levels  the  slightest  noticeable  movement  of  the  bubble  cannot 
be  detected  on  the  rod,  and  this  is  the  way  it  ought  to  be.  It  should, 
as  in  all  elements  of  observations,  be  inside  and  not  even  up  to  the 
reading. 

The  author  goes  back  in  progress  fifteen  years,  and  uses  a  target 
and  "  ujjs  and  downs,"  which,  although  well  enough  in  their  place, 
do  not  belong  to  precise  leveling,  and  therein  he  has  again  become 
unscientific.     He  writes  : 

"The  primary  argument  against  geodesic  leveling,  as  compared 
with  spirit  leveling,  rests  on  the  fact  that  in  the  former  all  the  burden 
of  exact  observing  and  recording  rests  on  the  shoulders  of  one  indi- 
vidual, the  levelmau;  whereas,  in  spirit  leveling  the  burden  of  these 
operations  is  distributed,  resting  not  only  on  the  levelman,  but  on 
two  others. " 

It  might  as  well  be  argued  that  three  men  using  one  rifle  could 
shoot  straighter  to  the  mark  than  one.  The  great  perfection  in  pre- 
cise leveling  rests  on  the  fact  that  the  observer  makes  the  complete 
observation,  and  without  moving  anything  but  his  eye.  He  has  his 
bubble  under  perfect  control,  sets  it,  after  pointing  his  instrument, 
when  it  is  central  (and  he  know^s  better  than  anyone  could  tell  him); 
he  reads  instantly,  and  glances  back  at  that  1-second  tube  and  often 
finds  it  "steady  as  a  rock"  or  only  requiring  touching  up  a  little. 
This  is  a  perfect,  accurate  and  really  beautiful  method,  which  fixes 
responsibility  and  gives  the  best  results. 
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Mr.  Ferguson.  His  readings  are  made  direct  on  the  rod.  To  introduce  a  target 
and  call  it  precise  leveling,  would  be  an  intolerable  nuisance  and  cause 
many  errors,  and  some  big  ones. 

In  the  pi'ecise  leveling  of  the  United  States  Engineer  Corps  a  great 
deal  of  progress  has  been  made  in  selecting  or  making  the  best  turn- 
ing point  or  rod  support — one  that  will  very  approximately  remain  at 
a  constant  elevation.  The  pin  described  by  the  author  is  a  very  good 
pattern  of  that  used  for  fifteen  years  by  the  United  States  Engineer 
Corps,  excepting  the  top.  All  the  advantage  claimed  for  the  former 
is  also,  and  in  the  same  way,  secured  in  the  latter,  with  the  excejition 
that  the  rod  cannot  slip  off.  The  pins  used  by  the  United  States  En- 
gineer Corps  have  been  changed  in  size  and  taper  from  the  first — to 
improve  their  efficiency. 

The  science  of  precise  leveling  has  attained  a  greater  degree  of 
excellence  than  the  author  supposes,  and  the  errors  and  constants 
which  he  puzzles  over  have  all  been  explained  and  are  understood. 

To  give  an  idea  of  what  can  be  done  in  this  work,  a  good  precise 
levelman  would  run  a  line  between  two  points  30  miles  apart  forward 
and  back  in  opposite  directions,  having  no  common  points  but  the 
extremities,  and,  including  constants,  would  confidently  expect  to 
close  within  20  mm. 

He  would  exi^ect  to  run  the  lines  in  the  same  direction,  not  elimi- 
nating constants,  and  very  probably  check  to  5  mm.  And  this  60 
miles  he  would  run  in  twenty-five  days,  and  only  be  doing  one  day's 
work  for  one  day's  pay.  If  he  were  to  work  as  rapidly  as  possible  he 
would  do  it  in  fourteen  days  or  less.* 

In  precise  leveling  three  wires  are  read.  The  advantage  of  this  is 
never  fully  ajipreciated  at  first. 

Fimt. — It  gives  a  high  degree  of  precision  to  the  reading. 

Second. — It  enables  the  recorder,  without  a  moment's  work  and 
without  the  observer  knowing  anything  about  it,  to  keep  the  sum  of 
the  backsights  equal  to  the  sum  of  the  foresights  ;  never  differing 
more  than  three  steps  and  closing  on  the  bench-mark  to  within  pro- 
bably 2  ft. 

Third. — The  relative  value  of  the  wire  intervals  being  known,  any 
error  in  reading  a  wire  is  nearly  always  detected  at  once,  if  not  in 
the  checking  of  the  notes. 

Reading  two  wires  would  help  the  precision  and  would  enable  one 
to  keep  the  sum  of  the  backsights  equal  to  the  sum  of  the  foresights, 
but  would  not  assist  much  in  detecting  erroneous  readings.  Further- 
more, in  precise  levels,  using  a  speaking  rod,  the  observer  makes  very 
few  mistakes  in  reading. 

*  For  a  description  of  Precise  Leveling,  the  reader  is  referred  to  "Methods  and  Re- 
sults of  Precise  Levels,"  by  O.  W.  Ferguson,  read  before  the  Engineers'  Club  of  St. 
Louis,  February  15th,  1893;  and  "Index  of  Precise  Level  Work"  iu  Report  of  Chief  of 
Engineers,  U.  S.  A.,  1896,  p.  1959. 
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The  excellence  of  this  precise  system  is  to  be  considered  from  two  Mr.  Ferguson. 
points  :  1st,  its  correctness — all  large  errors  being  precluded  bv  the 
three  wire  readings,  also  because  all  lines  have  been  dui^licated, 
which  is  quite  advisable  for  eliminating  constants,  as  well  as  to  con- 
stantly know  what  grade  of  work  is  being  done  ;  2d,  its  precision,  due 
to  the  best  instruments  and  to  conditions  favorable  to  the  finest 
readings. 

The  writer  does  not  wish  to  be  understood  as  underrating  the 
author's  work  which  is  good  of  its  kind,  but  equality  Avith  precise 
levels  cannot  be  claimed  for  the  methods  used. 

The  precise  leveling  system,  as  now  used  and  as  developed  \inder 
the  United  States  Corps  of  Engineers,  is  at  once  unincumbered, 
rapid,  accurate,  free  from  errors  and  cheai^,  only  five  men  being  re- 
quired to  do  the  work  where  there  is  no  brush.  The  cost  for  a  com- 
pleted mile  (two  miles  of  line  at  least)  is  about  .f  14. 

J.  B.  Johnson,  M.  A.m.  Soc.  C.  E. — The  writer  has  had  personal  Mr.  Johnson, 
experience,  first  as  rodman  and  then  as  levelman,  on  some  1  200  miles 
of  duplicated  line  of  precise  levels  run  under  the  auspices  of  the 
United  States  Lake  Survey  and  of  the  Mississij^pi  River  Commission. 
A  part  of  this  work  was  done  with  wye  levels  and  target  rods,  and  the 
remainder  with  the  instrument  and  self-reading  rods  made  by  J.  Kern, 
of  Aarau,  Switzerland  ;  these  having  been  first  iised  in  the  "  levels  of 
precision "  of  that  country.  In  what  he  has  to  say,  therefore,  he 
sjieaks  from  personal  experience. 

Tlie  Coast  Siiroey  Methods  not  Standard. ^In  comparing  the  methods 
described  by  the  author  with  those  used  on  the  United  States  Coast 
and  Geodetic  Survey,  the  advantage  would  seem  to  be  very  much  in 
favor  of  the  simpler  instruments  and  methods  of  the  Geological 
Survey.  This  is  no  great  recommendation  of  the  author's  methods, 
however,  since  it  would  be  difficult  to  devise  a  more  cumbersome, 
expensive,  apparently  exact,  but  practically  inaccurate,  method  than 
that  long  employed  on  the  Coast  and  Geodetic  Survey.  This  method 
bears  all  the  marks  of  having  been  devised  in  the  seclusion  of  his 
study  by  a  mathematician  or  astronomer  who  had  never  handled  a 
leveling  instrument  in  the  field,  and  w  ho  had  no  idea  as  to  the  rela- 
tive importance  of  the  various  possible  sources  of  error  entering  into 
such  work.  The  writer  sincerely  hopes,  therefore,  that  rational  pre- 
cise level  methods  will  not  be  confounded  with  the  methods  so  long 
followed  by  this  branch  of  the  public  service.  He  also  hopes  that 
these  instruments  and  methods  will  soon  be  abandoned  for  something 
more  simple  and  more  accurate. 

Precision  of  Results. — The  author  seems  to  have  made  a  mistake  in 
computing  the  limits  of  error  allowed  in  other  departments.  Thus, 
on  the  Mississippi  and  Missouri  River  Surveys  the  limit  for  a  dupli- 
cated line  is  : 
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Mr.  Johnson.        3  mm.  >/  2  X  distance  in  kilometers,  wbicli  is  equal  to 
3  mm.  \/  length  of  a  loop  in  kilometers,  wMeli  becomes 
0.0126  ft.  ^  length  of  loop  in  miles. 


The  author  states  this  limit  at  0.02  ft.  v^  length  of  loop  in  miles, 
which  is  60%  too  large.  Similarly,  he  gives  the  United  States  Coast 
and  Geodetic  Survey  limit  as  0.03  ft.  ^  length  of  loop  in  miles, 
which  is  45%  too  large. 

By  compai'ing  these  limits  of  discrepancy  between  two  lines  with  that 
of  the  work  described  in  the  paper,  namely, 

0.05  ft.  v/  length  of  loop  in  miles, 
it  will  be  seen  that  it  is  just  foiir  times  as  great  as  the  Mississijipi 
and   Missouri  River  Survey  limits,   and   two  and   four-tenths   times 
as  great  as  the  Coast  Survey  limit. 

The  words  of  the  author,  therefore,  in  the  statement  that  the  limit 
of  error  allowed  on  the  work  described  was  "  somewhat  less  severe  " 
than  that  prescribed  on  these  other  branches  of  the  Government 
service  woiild  seem  to  fail  to  convey  the  real  magnitude  of  the  differ- 
ence. In  any  kind  of  accurate  measurement,  it  is  the  last  refinement 
which  costs.  To  attain  to  four  times  the  accuracy  usually  requires 
much  more  than  four  times  the  expense. 

In  comparing  the  very  cheap  work  of  the  Geological  Survey,  there- 
fore, with  other  work  which  cost  several  times  as  much,  the  relative 
accuracy  attained  must  also  be  compared.  For  this  purpose  the  re- 
sults given  in  Table  No.  2  are  compared  with  one  season's  work  on 
the  Missouri  River  Survey — about  500  miles  of  duplicated  line.* 
The  results  are: 

The  probable  error  per  mile  of  single  line  run  on  the  Geological 
Survey  =  0.0094  ft. 

The  probable  error  per  mile  of  single  line  run  on  the  Missouri 
River  Survey  =  0.0017  ft. 

In  this  instance  there  is  an  accuracy  of  actual  results  five  and  a 
half  times  as  great  on  the  Missouri  River  Survey  as  on  the  Geological 
Survey. 

The  cost  of  the  1  000  miles  of  single  line  of  Missouri  River  woi'k 
was  about  .f20  per  mile  of  duplicated  line,  or  $10  per  mile  of  single 
line  run. 

The  average  cost  of  the  2  000  miles  of  single  line  of  Geological 
Survey  work  is  given  in  the  paper  as  $4. 78.  That  is  to  say,  the  Missouri 
River  Survey  work  shows  five  and  a  half  times  the  accuracy  of  that  of 
the  Geological  Survey  for  about  twice  the  cost.  Certainly  this  is  not 
a  bad  showing  for  the  only  rational  system  of  precise  leveling  which 
has  ever  been  used  in  this  country. 

*  Reported  in  the  Journal  of  the  Association,  of  Engineering  Societies,    Vol.  xii, 
"',  p.  350;  and  in  the  Report  of  the  Chief  of  Engineers,  U.  S.  A.,  for  1893,  Vol.  vi. 
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Comparison  of  Const  Survey  and  Engineer  Corps  Levels.— The  paper  Mr.  Johnson. 
contains  some  very  significant  comijarisons  between  the  results  ob- 
tained by  the  Coast  Survey  and  the  Engineer  Corps  methods.  Thus 
there  are  two  determinations  of  a  certain  bench-mark  below  All)any, 
N.  Y.,  as  obtained  from  Xew  York  City,  a  distance  of,  say,  150  miles,  by 
the  Coast  Survey,  differing  by  1.51  ft. 

Surely  this  kind  of  work  cannot  be  called  "precise."  It  may  be 
called  "  geodesic"  (whatever  that  may  mean),  and  these  large  discrep- 
ancies may  possibly  exjdain  why  the  terms  "precise  leveling"  or 
•'  levels  of  precision  "  have  never  been  adojited  on  the  Coast  Survey. 

Again,  the  two  Coast  Survey  determinations  of  the  elevation  of  the 
St.  Louis  City  directrix  are  given  in  the  pajjer  as: 

(1)  From  Mobile   410.681  ft. 

(2)  From  Sandy  Hook 416.360  " 

Showing  a  diflerence  of 5 .  679  ft. 

The  Engineer  Corps  determinations  are : 

(1)  Mississippi  River  from  Gulf 413 .  102  ft. 

(2)  New  York  City,  Great  Lakes,  Chicago  and  Mis- 

sissippi River 413 .  986  ' ' 

(3)  New  York  City,  Great  Lakes,  Duluth,  and  Mis- 

sissippi River 412 .  937  ' ' 

Showing  a  maximum  divergence  of 1 .049  ft. 

It  must  be  noted  also,  that  two  of  the  last-named  circuits  are  im- 
mensely longer,  and  one  of  them  twice  as  long  as  the  longest  Coast 
Survey  circuit. 

The  Missouri  River  levels  between  St.  Louis  and  Kansas  City 
showed  a  regularly  increasing  divergence  until  it  reached  just  1  ft.  at 
Kansas  City.  From  the  data  at  hand  there  would  seem  to  be  little 
doubt  as  to  which  line  is  the  nearer  correct. 

Hie  Essential  Requirements  in  Accurate  Spirit  Leveling.  —  The  writer 
would  not  favor  the  technical  use  of  the  term  "  spirit  leveling,"  since 
all  engineering  levels  are  spirit  levels  ;  neither  does  he  like  the  terms 
"geodesic  leveling,"  or  "geodetic  leveling."  "Precise  leveling" 
is  a  good  term  to  use  to  designate  a  very  accurate  kind  of  spirit  lev- 
eling, but  this  could  be  done  with  almost  any  kind  of  an  instrument 
and  rod.  The  precision  is  much  more  a  function  of  the  observer  and 
his  methods  of  using  his  instruments  than  it  is  of  the  instruments 
themselves. 

In  the  opinion  of  the  writer  the  real  essentials  to  accurate  leveling 
are : 

1.  A  steady  atmosphere. 

2.  Lengths  of  sight  limited  to  about  330  ft.  with  the  best  atmos- 
phere, and  shortening  to  100  ft.  before  quitting  on  account  of  atmos- 
pheric unsteadiness. 
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Mr.  Johnson.  3.  The  rod  to  have  a  solid  bearing  and  a  bubble  for  holding  it 
plumb.  Foot-plates  to  be  used  on  hard  or  sandy  ground  and  steel 
l)ins  on  soft  ground. 

4.  A  delicate  bubble  on  top  of  the  telescope  and  a  delicate  thumb 
screw  under  the  eye-end  wye. 

5.  A  mirror  to  reflect  an  image  of  the  bubble  to  the  eye  of  the  ob- 
server while  reading  the  rod. 

6.  A  self-reading  rod  graduated  in  black  and  white  spaces  not  larger 
than  1  cm. 

7.  Three  horizontal  wires  in  the  reticule;  all  to  be  read  to  tenths 
of  the  gradiiated  spaces  by  estimation. 

8.  The  instrument  to  be  shielded  from  the  sun  at  all  times  and 
from  the  wind  when  sighting. 

9.  The  backsights  and  foresights  to  be  kept  equal  at  all  times. 

10.  Two  rodmen  for  each  instrument,  so  as  to  shorten  the  time  be- 
tween back  and  fore  sight  readings  and  to  increase  the  speed. 

11 .  The  line  to  be  duplicated  by  re-running  it  by  the  same  party  in  the 
opposite  direction,  thus  going  over  the  ground  twice  with  single  lines. 

When  the  above  conditions  are  complied  with,  and  a  skilful  ob- 
server is  employed,  a  single  line  can  be  run  in  good  weather  at  the  rate 
of  a  mile  an  hour,  with  an  average  discrepancy  between  duplicate 
lines  run  in  opposite  directions  of  0.01  ft.  "v/ distance  in  miles,  this 
distance  being  the  length  of  duplicated  line.  This  grade  of  work  is 
expensive,  therefore,  not  on  account  of  the  laborious  methods  adopted, 
but  solely  because  for  so  small  a  part  of  the  time  of  a  field  season  are 
the  atmosiDheric  conditions  suitable  for  the  best  work.  With  the  limits 
set  in  the  jDaper  of  0.05  ft.  V  distance  in  miles,  work  could  proceed 
almost  all  the  time,  except  in  rainy  weather,  and  so  the  cost  per  mile  run 
would  be  greatly  reduced.  The  writer  would  undertake  to  do  precise 
leveling  in  good  weather  with  the  above  degree  of  precision  as  rapidly 
as  could  be  done  by  any  target-rod  method  with  twice  the  limits  of 
error.  To  run  a  mile  an  hour,  on  330-ft.  sights,  requires  eight  settings 
per  mile.  'This  means  that  the  levelman  walks  an  eighth  of  a  mile, 
sets  his  instrument,  reads  three  Avires  twice  on  back  and  fore  sights, 
and  has  the  wire  intervals  taken  out  and  called  off,  for  a  check  on  the 
readings,  every  seven  and  a  half  minutes.  With  haste,  it  can  readily 
be  done  in  six  minutes. 

The  forward  rodman  has  walked  one-fourth  mile  and  set  his  plate 
or  driven  the  i^in,  and  placed  his  rod,  while  the  levelman  is  moving, 
setting  up  and  reading  the  backsight.  The  distances  are  made  equal 
by  pacing,  and  constantly  checked  and  adjusted  by  the  recorder  ad- 
vising the  rodmen  each  time  they  pass  to  go  a  few  paces  more  or  less, 
as  the  continued  sum  of  the  wire  intervals  requires. 

In  accordance  with  these  essentials,  the  leveling  instruments  used 
on  the  Geological  Survey  are  defective  only  in  the  omission   of  the 
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mirror.  To  iiso  this,  the  bubble  must  l)e  set  on  top  of  the  telescope,  Mr.  Johnson, 
and  must  be  carried  in  the  hand  between  stations.  It  should  be  cased 
in  wood  to  i>revent  the  lieat  of  the  hand  from  aflecting  its  adjust- 
ments. The  Kei-n  precise  leveling  instruments  are  the  only  ones 
known  to  the  writer  which  are  so  constructed.  The  cradle  device  used 
in  the  instrument  described  in  the  paper  (Fig.  5)  is  a  useless  refine- 
ment. For  instance,  the  sci'ew  under  the  eye-end  wye  being  always 
set  at  its  true  reading  for  correct  reversing,  when  the  instrument  is 
leveled  up,  it  is  only  necessary  to  move  the  telescope  through  an  angle 
of,  say,  10  seconds  at  most  by  means  of  the  screw.  The  length  of 
base  between  the  wyes  is,  say,  10  ins.,  and  the  tangent  of  10  seconds, 
into  5  ins.,  is  the  actual  lift  or  drop  of  the  instrument  due  to  this 
screw  movement.  This  proves  to  be  rro^TTu  ^t. ,  or  one-fiftieth  of  the 
smallest  reading  of  the  rod.  Since  the  error  is  compensating,  also,  the 
probability  is  that  2  500  ijointings  would  have  to  be  taken  before  the 
accumulated  error  from  this  source  would  amount  to  y/uir  ^t.  Surely 
such  a  source  of  error  is  not  even  to  be  considered,  and  much  less 
provided  against,  by  a  very  cumbersome,  troublesome  and  unsightly 
attachment  to  the  instrument.  The  cradling  of  the  telescope,  there- 
fore, which  the  author  describes  so  fully,  is  a  mere  fad. 

The  rod  used  in  this  work  is  needlessly  heavy  and  comiilicated,  and 
there  is  no  reason  why  such  pains  should  have  been  taken  to  have  it 
paraffined  at  all.  The  small  change  of  length  of  a  well  jiainted  or 
varnished  rod,  jiroperly  cared  for,  has  no  efiect  upon  the  work  worth 
considering.  Those  changes  which  occur  during  the  work  are  com- 
pensated on  the  back  and  fore  sight  readings,  so  far  as  these  balance 
each  other,  the  change  in  length  affecting  only  the  total  difference  of 
elevation  of  terminal  benches.  A  12-ft.  painted  x'od  will  not  change 
its  length  from  varying  moistui'e  conditions  by  more  than  one  or  two 
thousandths  of  a  foot  during  a  season,  this  being  a  change  of  one  in 
twelve  thousand.  As  this  change  would  be  compensating  also,  it 
being  sometimes  longer  and  sometimes  shorter  than  the  standard 
length,  the  effect  on  the  total  dift'ereuce  in  elevation  is  too  insignificant 
to  notice.  Since  paraffining  weakens  the  rod,  making  it  soft  and 
flexible,  and  also  more  or  less  sticky  in  hot  weather,  this  treatment 
would  seem  to  be  not  only  unnecessary,  but  a  positive  detriment. 

The  flat  spur  at  the  bottom  of  the  rod,  resting  on  a  spherical  base  at 
the  bottom  of  the  socket  in  the  foot-plate  or  steel  pin,  was  introduced 
by  the  writer  in  1881,  and  has  been  used  in  this  class  of  work  on  the 
western  rivers  ever  since.  He  also  at  that  time  used  steel  pins  in  soft 
ground,  and  foot-plates  on  solid  and  sandy  ground. 

The  writer  also  introduced  the  practice  of  always  holding  the  level 
bubble  exactly  at  the  center  of  the  bubble  tube  by  means  of  the  screw 
under  the  eye-end  wye.  By  turning  his  head  so  that  his  eyes  are  in  a 
vertical  line,  and  looking  with  both  eyes  ojjen,  one  at  the  eye-piece 
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Mr.  Johnson,  and  the  other  on  the  mirror,  the  operator  sees  the  bubble  projected  on 
the  face  of  the  rod,  so  that,  while  reading  the  jjosition  of  the  three 
wires  with  one  eye,  he  watches  the  })ubble  with  the  other.  The 
fingers,  being  always  upon  the  leveling  screw  under  the  wye,  soon 
learn  to  hold  the  bubble  to  a  correct  position  almost  unconsciously. 
Of  course,  the  eyes  can  be  opened  and  closed  alternately  if  preferred. 
In  this  way  the  bubble  is  kept  to  its  true  place  while  making  the 
readings,  and  without  loss  of  time.  This  is  the  secret  of  doing  good 
work.  In  the  Coast  Survey  method  the  instrument  is  assumed  to 
stand  absolutely  fixed  throughout  four  sets  of  readings  upon  a  single 
target,  the  observer  changing  his  position  each  time  between  the  two 
readings  of  each  set.  Any  movement  of  the  insti'ument,  after  setting 
the  bubble  in  the  center  and  reading  the  wye  micrometer,  and  the 
next  setting  of  the  cross  wire  upon  the  target,  with  the  observer 
now  in  a  different  position  upon  the  ground,  enters  the  work  as  an 
absolute  but  vinknown  error,  which  cannot  be  eliminated.  This  is  one 
of  the  fatal  defects  in  that  method. 

The  writer  believes  that,  so  long  as  these  errors  remain,  no  amount 
of  repetitions  or  of  other  instrumental  corrections  can,  by  any  possi- 
bility, give  accurate  results.  The  methods  pursued  on  this  service  are 
extremely  laborious,  apparently  very  exact,  but,  as  a  matter  of  fact, 
quite  inaccurate;  and  the  writer  believes  the  above  explanation  is  suf- 
ficient to  account  for  some  of  the  poor  results  obtained  tinder  these 
methods.  Their  failure  to  duplicate  the  work  by  running  single  lines 
over  the  same  ground  in  opposite  directions,  by  the  same  observer, 
will  probably  explain  the  remainder  of  the  j^eculiar  phenomena  of  the 
Coast  Survey  levels. 

The  time  element  is  also  very  important.  The  length  of  time 
occupied  in  reading  the  rod,  and,  more  especially,  the  length  of  time 
elapsing  after  the  reading  of  the  backsight  until  the  foresight  is  read 
should  be  made  as  short  as  possible. 

Any  change  in  the  position  of  the  level  or  in  its  adjustments  be- 
tween these  two  readings  introduces  a  corresjjonding  error  which  can- 
not be  eliminated.  Changes  in  the  atmospheric  conditions  may  also 
become  serious  sources  of  error.  The  refraction  near  the  ground, 
when  ground  and  air  are  at  very  different  temperatures,  may  be  very 
great,  and  changeable.  The  quicker  these  back  and  fore  readings 
can  be  taken,  and  the  more  nearly  simultaneous,  the  better  for  the 
accuracy  of  the  work.  This  is  another  reason  why  self-reading 
rods  are  better  than  target  rods,  and  why  there  shoiild  always  be  two 
rodmen. 

Perhaps  no  one  who  has  not  tried  it  would  be  Avilling  to  admit  the 
great  accuracy  which  can  be  attained  by  any  skilful  observer  by  read- 
ing three  wires  upon  a  self-reading  rod,  graduated  to  centimeters,  such 
as  that  shown  in  Fig.  19.     The  position  of  each  wire  is  estimated  to  the 
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nearest  millimeter,  which  is  aboixt  tu^o  ft. 
and  the  average  of  the  throe  taken  as  the 
reading. 

The  fact,  however,  that  in  this  work  the 
average  discreiiancy,  on  duplicate  lines  run 
in  opposite  directions  between  benches  for  a 
whole  season,  is  only  0.0075  ft.  i)er  mile  is  a 
positive  i)roof  that  the  method  is  a  very 
accurate  one.  This  has  been  the  average  dis- 
crepancy on  this  class  of  work  on  the  Missis- 
sipi^i  and  Missouri  River  Surveys,  on  the 
Illinois  Drainage  Canal,  and  on  the  Topo- 
graphical Survey  of  St.  Louis,  on  all  of  which 
work  the  Kern  rods  were  used. 

The  elaborate  test  of  the  effect  of  dui^li- 
cating  in  opposite  directions  by  the  Coast 
Survey  was  made  on  the  solid  streets  of  the 
City  of  Washington.  Inasmuch  as  the  only 
reason  for  this  method  of  diiplication  is  the 
settlement  or  recovery  of  instrument  or  rod 
supports  on  soft  or  elastic  ground,  or  the 
jarring  eftect  of  jjassiug  trains  on  railways,  it 
is  not  very  surprising  that  they  should  have 
concluded  from  such  test  lines  that  such  a 
method  of  duplication  was  unnecessary  and 
meaningless. 

When  similar  small  residuals  have  been 
shown  by  other  methods  on  single-rodded 
lines  run  between  benches  in  opposite  direc- 
tions, then,  and  not  till  then,  can  this  method 
be  challenged  as  by  far  the  most  accurate 
and  precise  method  of  leveling  yet  devised. 
Duijlication  by  two  sets  of  rod  stations 
carried  along  together,  or,  as  the  aiithor 
calls  it,  a  double-rodded  line,  will  not 
sei've  for  such  a  comparison,  for  here  cer- 
tain errors  enter  both  lines  alike,  so  that 
while  the  discrepancies  are  smaller,  the 
actual  error  of  the  mean  is  much  greater, 
and  this  may  be  cumtilative  also  throiighout 
the  season. 

The  writer  has  nowhere  met  with  as 
accurate  results  of  precise  leveling  as  have 
been  common  for  many  years  in  the  United 
States  by  the  use  of   the   Kern    instruments 


Mr.  Johnson. 


SWATCH  LEVEL 


SECTION  OF  ROD 


STEEL  SPUR 


FOOTPLATE 


422  CORRESPONDENCE   ON    SPIRIT    LEVELING. 

Mr.  Johnson,  and  rods,  and  the  methods  of  using  these,  which  were  first  developed 
on  the  Mississippi  River  Surveys.  * 

If  the  author  woukl  adopt  this  Swiss  method,  as  practiced  iu  the 
United  States,  he  would  find  that  he  could  attain  the  same  accuracy  with 
less  cost,  or  he  could  do  much  more  accurate  work  for  the  same  cost. 

The  method  of  reading  three  wires  on  a  self-reading  rod  is  peculiarly 
adapted  to  the  running  of  a  single,  unchecked  line,  relying  on  the 
closing  of  long  loops  for  the  final  check. 

The  three  readings  on  each  pointing  are  better  than  three  indei:)endent 
target  readings,  since  the  former  carry  in  themselves  a  proof  of  their 
accuracy  in  the  two  wire  intervals.  If  these  are  not  quite  equal  they  are 
so  nearly  equal  that  they  reveal  an  error  of  reading  of  any  of  the  wires. 
No  signal  is  ever  made  to  the  rodman  to  come  up,  and  no  disturbance 
of  the  level  is  allowed,  until  the  recorder  has  taken  oiit  these  two  inter- 
vals and  signifies  their  correctness.  Two  errors  of  reading,  of  equal 
amounts  but  of  opposite  signs,  would  not  be  revealed  by  this  check,  but 
this  is  a  case  of  too  rare  an  occurrence  to  be  worthy  of  consideration. 
Mr.  wuson.  Hekbekt  M.  Wilson,  M.  Am.  Soc.  C.  E — In  closing,  the  author  can- 
not refrain  from  expressing  his  gratification  at  the  amount  of  time  and 
thought  exjjended  on  the  discussion  by  the  many  able  members  of  the 
engineering  profession  who  are  best  qualified  to  give  their  views  on  the 
subject.  As  was  to  have  been  expected,  a  diversity  of  opinion  is  ex- 
pressed, and,  while  on  the  surface,  these  diflerences  appear  to  be  great, 
and  are,  in  some  instances,  quite  vigorously  supported,  yet,  in  fact, 
closer  analysis  will  show  that,  excepting  the  case  of  that  class  of  work 
which  has  been  designated  "  Geodesic,"  there  is  an  unexpectedly  well- 
marked  general  consensus  of  opinion  which  points  to  the  best  methods. 
The  paper  was  written  at  a  time  when,  though  the  author  believed  that 
he  had  reached  some  definite  conclusions  regarding  precise  leveling,  he 
still  felt  that  there  was  much  room  for  investigation,  discussion  and 
experiment.  Accordingly,  as  the  United  States  Geological  Survey  has, 
in  all  likelihood,  much  of  this  class  of  work  to  do,  as  well  as  ordinary 
spirit  leveling,  the  need  was  felt  of  such  suggestions  as  might  be  pro- 
cured only  through  a  discussion  of  a  paper  before  this  Society. 

Clmsificalion  of  Leveling. — Messrs.  Johnson  and  Ferguson,  as  well 
as  a  few  others,  have  misajjprehended  the  endeavor  to  define  the 
various  classes  of  leveling  as  "  Geodesic  "or  "  Precise  "  or  "  Sjnrit," 
and  this  misapprehension  is  most  marked  in  the  ojjening  pai-agraph  of 
Mr.  Marshall,  wherein  he  assumes  that  the  author  intended  to  class  the 
work  done  by  the  United  States  Engineers  with  that  of  the  Coast  Sur- 
vey, under  the  designation  "  Geodesic." 

The  author  would  classify  spirit  leveling  as  follows  : 

(1)  precise  leveling;  (2)  geodesic  leveling;  (3)  primary  spirit  level- 
ing; (4)  secondary  spirit  leveling.  

*  Reports  on  this  work  may  be  found  in  the  various  reports  of  the  Mississippi  River 
Commission  (inolucied  in  the  Reports  of  tlie  t'liicf  of  I'.ii^riueers,  U.  S.  A.),  for  the  years 
1881  to  1890,  and  of  the  Missouri  Kiver  Commission  for  1893,  and  following  years. 
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The  1st,  3d  and  4th  of  these  are  the  only  kinds  executed  by  the  Mr.  Wilson. 
United  States  Geological  Survey;  by  far  the  larger  portion  of  its  work 
being  of  the  grade  called  ' '  Primary. "  This  includes  that  class  of  work 
which  is  merely  ordinary  high-grade  sjjirit  leveling,  and  is  called  pri- 
mary, to  distinguish  it  from  precise  leveling  on  the  one  hand,  and  from 
secondary  or  flying  levels  on  the  other. 

Primari/Lei^els. — The  author  regrets  that  the  discussion  has  brought 
forth  so  little  expression  of  opinion  regarding  this  class  of  work.  Ac- 
cordingly, he  is,  perhaps,  not  incorrect  in  assuming  that  the  methods 
described  in  the  first  part  of  the  paper,  as  those  practiced  by  the  United 
States  Geological  Survey  in  i)lacing  the  legal  bench-marks,  meets  with 
the  general  approval  of  the  members  of  this  Society.  He  notes,  how- 
ever, that  a  few  of  those  who  have  taken  up  the  discussion  of  the  por- 
tion of  the  i^aper  on  precise  leveling  have  misinterpreted  or  confused 
some  of  the  statements  made  therein.  Thus,  Mr.  Ferguson  speaks  of  the 
instrument  used  by  the  United  States  Geological  Survey  as  a  "  Gurley" 
level,  and  of  its  use  of  a  *'  10-second  bubble."  As  stated  in  the  paper, 
this  class  of  instrument  is  used  only  on  primary  spirit  levels,  the  in- 
strument used  on  jjrecise  leveling  being  the  Bull'  and  Berger  level,  the 
bubbles  of  which  are  graduated  to  4  and  8  seconds  of  arc. 

Mr.  Wait  has  evidently  overlooked  an  important  portion  of  the  paper 
including  Table  No.  2  and  Figs.  3  and  4  and  the  explanation,  when  he 
states  that  "  the  author  has  not  stated  whether  the  levels  were  so  run  (in 
closed  circuits)  or  not. "  Perhaps,  in  making  the  statement,  he  refers  to 
precise  leveling  only.  If  so,  it  may  be  stated  that  the  precise  levels  are 
run  as  are  other  precise  levels,  as  double  rodded  or  as  duplicate  lines,  and 
the  fact  of  the  duplication  of  the  same  line  is  accejjted  always  as  being 
the  equivalent  of  the  closed  circuit.  It  is  in  fact  a  circuit,  or  what  Pro- 
fessor Johnson  calls  a  loop,  only  run  out  and  back  over  the  same  instead 
of  over  a  different  route.  It  is  the  most  satisfactory  mode  of  checking  in 
circuits  because  it  consists  of  a  number  of  very  small  circuits  checking  on 
each  banch-mark,  and  Avhich  may  be  thus  considered  as  a  whole  or  in  part. 

Bench- Marks. — In  reply  to  Mr.  Bering's  question  as  to  the  reason 
for  using  so  expensive  a  metal  as  bronze,  instead  of  iron,  and  Mr. 
Andrew's  comment  on  the  same  subject,  it  may  be  stated  that  this  metal 
was  selected  for  a  variety  of  reasons,  partially  enumerated  under  the 
title  "  Bench-Marks,"  but  better  exj^ressed  in  the  paragraph  (page  340) 
relative  to  the  Act  of  Congress  jn'ovidiug  for  this  work.  The  Geological 
Survey  has  interpreted  that  law  as  requiring,  not  only  the  marking  of 
the  elevation  by  a  bench-mark,  but  also  the  placing  upon  it  of  figures 
of  elevation  giving  its  height  above  mean  sea  level.  This  provision  is 
also  accompanied  by  a  requii'ement  that  such  elevations  shall  be  above  a 
base  level  or  datum,  located  in  each  area  under  survey,  and,  as  explained 
in  the  jiaper,  it  will  become  necessary  from  time  to  time  to  change  the 
computed  or  published  elevations  of  bench- marks  as  they  are  reduced 
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Mr.  Wilson,  to  better  mean  sea  level  vahies.*  Sucli  changes  in  the  figures  marked 
on  the  bench-marks  could  not  be  made  on  iron.  Some  softer  metal,  as 
bronze,  copper  or  aluminum  is  necessary.  It  will  also  be  realized  that- 
even  if  changes  were  not  made  there  would  be  great  difficulty  experienced 
in  marking  elevations  and  datum  names  on  iron.  It  may  be  added  that 
experiment  has  shown  that  aluminum  is  an  even  more  satisfactory  metal 
than  bronze,  as  it  costs  a  little  less,  is,  according  to  present  evidence, 
no  more  readily  affected  by  the  atmosphere  than  bronze,  and  not  tarnish- 
ing as  does  bronze,  the  figures  and  printing  remain  more  legible. 

It  is  a  misfortune  which  is  fully  appreciated  by  all  connected  with 
this  work  that  bench-marks  should  be  permanently  marked  with  heights 
known  to  be  uncertain,  but  it  seems  to  be  unavoidable.  No  compari- 
son with  France  or  with  other  small  European  countries  can  be  made, 
as  they  are  scarcely  greater  in  area  than  an  average  State  in  this  country. 
No  difficulty  is  experienced  in  marking  elevations  to  the  nearest  foot 
in  New  York  State  or  in  any  State  abutting  the  sea  coast.  When  it  is 
recalled  that,  in  the  United  States,  areas  greater  than  the  whole  extent 
of  Europe  are  to  be  covered,  and  that  elevations  must  be  carried  thous- 
ands of  miles  from  the  sea  coast,  it  will  be  realized  that  any  endeavor  to 
mark  precise  heights  from  the  beginning  is  absolutely  futile.  France 
and  Great  Britain  are  not  only  of  limited  area,  but  are  surrounded  on 
all  sides  fcy  the  sea,  and  precise  levels  have  to  be  carried  comparatively 
short  distances  from  their  coast  line.  The  difficulty,  however,  to  which 
Mr.  Andrews  refers,  is  being  rapidly  surmounted  by  the  extension  of 
precise  levels;  those  of  the  Coast  Survey  having  reached  as  far  as 
Denver,  Colo. ;  those  of  the  Engineer  Corps  and  the  Geological  Survey 
having  ramified  to  such  an  extent  that  by  far  the  larger  portion  of  the 
bench-marks  are  now  being  marked  with  elevations  which  are  probably 
correct  to  the  nearest  foot.  For  final  determination  they  must  be  cor- 
rected in  the  records  and  in  publications  from  time  to  time. 

Bubble  Tender  and  Reflecting  Mirmr.—M.x.  Van  Orden  makes  a  plea 
for  the  use  of  the  bubble  tender.  He  will  note  from  Mr.  Douglas'  dis- 
cussion that  the  bubble  tender  is  extensively  used  on  the  United  States 
Geological  Survey,  in  the  work  being  executed  under  his  direction. 

The  reflecting  mirror  is  advocated  by  those  who  have  had  experi- 
ence in  United  States  Engineer  methods,  as  is  the  bubble  tender  by 
the  disciples  of  the  Coast  Survey.  Neither  Messrs.  Ferguson,  Mar- 
shall nor  Johnson  would  use  the  bubble  tender,  nor  do  they  seem  able 
to  realize  the  possibility  of  doing  good  Avork  without  the  aid  of  the 
mirror.  Some  persons  are  so  constituted  and  trained  that  the  bubble 
tender  is  a  valuable  aid,  while  others,  having  become  accustomed  to 
the  mirror,  find  no  inconvenience  in  its  iise. 

Inslrunienls.—'MY.  Steckel,  having  used  Coast  Survey  methods  of 
leveling  in  the  Canadian  Public  Works  Department,  contends  with  Mr. 
Winston  for  the  more  complicated  instruments  and  methods,  and  even 
*  See  subtitles,  "Plan  of  Work  "  and  "  Bench-Marks." 
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Wilson,  goes  further  in  advocating  the  additional  mechanisms  which  form  a  part 
of  tachymetric  surveying  instruments.  What  is  needed  in  this,  as  in  all 
engineering  work,  is  the  exercise  of  caution  in  the  avoidance  of  compli- 
cated mechanisms.  The  author  believes  the  simplest  methods  and 
apparatiis,  which  will  do  the  work,  to  be  the  best.  It  was  for  that  reason 
that  he  did  that  which  brings  upon  him  even  the  criticism  of  the  United 
States  Engineers  in  going  beyond  them  in  the  direction  of  simplicity. 

In  spite  of  Mr.  Johnson's  criticism  of  the  centrally  pivoted  cradle 
of  the  Buflf  &  Berger  instrument,  the  differences  between  it  and  the 
Kern  level  are  not  great,  while  the  former  is  undoubtedly  of  excep- 
tionally good  workmanship  and  material. 

Level  Bubbles. — The  author  is  not  yet  prepared  to  advocate  the  4- 
second  or  8-second  bubble,  but  is  prepared  to  condemn  the  2-second 
bubble  as  supersensitive.  Comparative  i^rofiles  of  work  done  over 
the  same  stretch  with  4  and  8-second  bubbles  argue  very  strongly  in 
favor  of  the  latter,  and  he  hopes  to  do  further  experimental  work  with 
a  view  of  determining  the  best  bubble. 

Turning  Points  and  Rods. — The  author  is  convinced  of  the  superiority 
of  the  foot  rest  and  turning  point  used  by  the  Geological  Survey  and  can 
find  no  defense  for  the  use  of  the  saucer-shaped  depression  in  the  head 
of  the  Coast  Survey  turning  point,  nor  of  the  hole  and  flat  or  level  con- 
tact of  the  United  States  Engineers'  turning  point.  All  the  Geological 
Survey  experience  tends  to  prove  the  superiority  of  the  round-headed 
hardened  steel  peg  (Fig.  7)  and  the  small  flat-ended  foot  plate  of  the 
rod.  However,  in  very  sandy  soil  the  broad,  flat  foot-plate  has  advan- 
tages over  the  steel  peg,  unless  the  latter  be  very  long  and  \erj  firmly 
driven  into  the  ground. 

Both  speaking  and  target  rods  have  their  advantages  and  their  dis- 
advantages. One  of  the  best  points  in  favor  of  the  speaking  rod  is 
speed.  On  the  other  hand  its  greatest  disadvantage  is  the  liability  to 
errors  of  even  units,  as  1  ft.  or  0.1  ft.,  and  this  mistake  has  already 
been  made  twice  in  a  line  of  jn-ecise  levels  now  being  run  under  the 
author's  direction  in  the  State  of  New  York,  in  which  the  double- 
rodded  line  is  run  with  the  target  rod  and  the  speaking  rod  side  by 
side,  the  target  rod  in  each  instance  being  correctly  read  and  detect- 
ing the  error  of  the  speaking  rod.  Thanks  to  information  and  advice 
received  from  Mr.  Andrews,  the  Geological  Survey  has  had  several 
speaking  rods  made  after  the  German  pattern  furnished  by  him, 
and,  as  just  intimated,  one  of  these  is  now  being  used  on  jjrecise 
levels  in  comparison  with  a  target  rod.  The  results  so  far,  as  stated 
below,  show  the  high  grade  of  work  possible  with  this  rod,  although 
they  show  at  the  same  time  the  liability  to  make  unit  errors.  The 
division  of  this  rod  is  peculiar  and  is  illustrated  in  Fig.  20.  It  is 
jjlanned  after  a  rod  in  which  a  meter  was  divided  into  fifths,  the  theory 
being  that  the  eye  aided  by  the  cross-hair  could  easily  estimate  fifths 
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of  a  space,  whereas  it  could  not  estimate  tenths.  lu  order  to  bring  Mr.  Wilson, 
abont  a  corres])onding  result,  and  as  a  foot  is  too  small  a  division  to 
divide  in  the  manner  desired,  this  rod  is  divided  into  units  of  2  ft. 
Accordingly,  every  actual  foot  is  but  half  of  a  unit,  and  so  on  for 
tenths  and  hundi'edths,  the  result  being  that  a  rod  10  ft.  long  is 
divided  into  five  units,  each  unit  into  live  others,  etc.  Accordingly, 
it  is  easy  to  read  one-fifth  of  the  smallest  unit  space  on  the  rod  by 
estimation  with  the  cross-hair,  and  the  smallest  space  being  .01  of  a 
iinit,  a  fifth  of  it  is  .002  of  a  unit,  actually  equivalent  to  .001  of  a  foot. 
The  i)ortion  which  is  hatched  with  diagonal  lines  is  painted  red. 

The  mode  of  keeping  the  notes  is  unique.  Whatever  the  initial  eleva- 
tion may  be,  say  100  ft. ,  it  is  put  in  the  column  of  elevations  as  being  one- 
half  ot  this,  or  50  ft.  Tlien  the  back  and  fore  sights  are  recorded,  and 
the  comjiutations  made  as  with  any  other  rod,  the  actual  figures  read 
being  used.  Whenever  a  bench-mark  is  reached  and  it  is  desired  to  know 
its  elevation,  that  given  in  the  book  is  doubled.  This  introduces  no  com- 
plications in  note  keeping,  simplifies  the  rod  reading  and  ijermits  of  the 
estimation  of  differences  of  heights  on  a  si^eakingrod  to  .001  of  a  foot. 

Fifty  miles  of  duplicate  precise  levels  have  recently  been  run  in  New 
York  with  a  target  rod  and  a  speaking  rod  of  the  above  type.  The  first  38 
miles  were  on  a  continuous  u])  grade  for  1  000  ft.,  after  which  the  grade 
was  down  hill  for  12  miles,  in  which  the  fall  was  200  ft.  The  extreme  di- 
vergence was  reached  at  the  summit  of  the  grade  and  amounted  toO.  14  ft., 
being  equivalent,  for  the  double  or  loop  distance  of  80  miles,  to  the  factor 
0.015  into  the  formula.  At  the  50-mile  point  on  the  down  grade  this  dis- 
crepancy was  somewhat  reduced,  the  extreme  divergence  being  0.12  ft. 

The  author  agrees  with  Mr.  Johnson  in  commending  the  use  of 
three  cross-hairs  with  a  speaking  rod,  as  adojited  by  the  United  States 
Engineers,  and  believes  it  to  be  the  only  safe  way  in  which  to  use  a 
speaking  rod. 

There  can  be  no  question  as  to  the  advantages  of  paraffined  rods.  If 
Mr,  Ferguson  had  ever  used  them  he  would  not  further  doubt  their  ad- 
vantages. The  advantage  of  a  superficially  paraffined  rod  is  that  it  holds 
its  length;  hence,  knowing  the  error  of  graduation,  this  can  be  confi- 
dently applied  at  all  times.  The  author  is  glad  that  Mr.  Sherman  has  em- 
phasized the  necessity  of  standardizing  rods  and  applying  corrections. 

Expense  and  Accuracy. — The  author  cannot  agree  with  those  who 
advocate  the  use  of  the  speaking  rod  because  of  the  reduction  in  cost 
b^'  the  use  of  inexperienced  rodmen.  The  employment  of  such  men 
for  such  Avork  is,  like  the  use  of  non-i)arafiined  rods,  one  of  the  causes 
of  the  great  cost  of  the  work  done  by  the  Engineer  Corjis,  resulting 
from  the  necessity  of  rerunning  so  many  stretches  to  get  a  check 
within  limit.  Even  where  speaking  rods  are  used,  he  would,  in  every 
■case,  advocate  the  emisloyment  of  intelligent  and  skilled  rodmen,  for 
much  of  the  accuracy  of  this  work  depends  on  the  rodman,  and  not  only 
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Wilson,  on  the  mode  of  keeping  notes,  or  of  setting  and  reading  targets,  but  on 
the  selection  of  phxces  for  and  the  setting  of  turning  jjoints;  in  care  in 
placing  the  rod  on  the  turning  point  with  the  greatest  gentleness;  in  care 
in  cleaning  the  foot  of  the  rod  and  the  top  of  the  turning  point;  in  many 
of  the  minor  trifles  which  require  the  employment  of  rodmen  of  a  high 
grade  of  skill  and  reliability.  An  item  which  adds  to  the  cost  of  the 
United  States  Engineer's  levels  is  the  employment  of  a  recorder  whose 
services  are  made  necessary  by  the  use  of  the  three  cross-hairs.  To  these 
and  other  reasons  is  attributable  the  high  cost  of  the  work  of  the  Engi- 
neers, for  while  they  get  excellent  checks  over  the  short  sections  into 
which  they  divide  their  work,  yet  these  checks  are  obtained  only  after 
some  of  them  have  been  ritn  and  rerun  four,  six  and  eight  times. 

Equalization  of  Sir/h/s. — As  to  the  comments  of  Mr.  Steckel  and  others 
relative  to  the  equalization  of  sights,  it  may  be  stated  that  Geological 
Survey  precise  levels  have  been  executed,  so  far,  along  lines  of  railway, 
and  distances  have  generally  been  measured  by  counting  rails,  noting 
whether  these  were  of  uniform  length  and  checking  by  the  pacing  of  both 
the  rodman  and  the  instrument-man.  On  the  very  long  line  in  the  South 
by  Mr.  Hall,  distances  are  measured  by  a  tape  or  wire  which  is  dragged 
along  by  a  tapeman  (page  366),  and  this  in  no  way  tends  to  reduce  the 
speed.  With  the  use  of  three  wires  and  a  speaking  rod,  this  latter 
would  be  unnecessary. 

The  author  cannot  agree  with  Mr.  Van  Orden  as  to  permitting  the 
length  of  the  sights  to  depend  only  ujaon  the  "seeing,"  and  is  confi- 
dent that  600  ft.  is  too  great  a  length  for  sights  in  precise  level  work 
and  that  api^roximately  300  ft.  should  be  the  limit,  in  which  opinion 
he  is  apparently  sustained  by  the  others  who  discuss  the  pajier.  The 
length  of  sight  is,  however,  reduced  below  300  ft.  according  to  the 
seeing,  and  frequently,  under  very  unfavorable  atmospheric  condi- 
tions, a  reduction  to  100  ft.  or  even  50  ft.  is  necessary. 

Limit  of  Error. — The  Geological  Survey  limit  of  precision  on  pre- 
cise work  is  misapprehended  by  Messrs.  Ferguson  and  Johnson  as 
being  0.05  ft.  -v/  distance  in  miles.  In  fact  (seepage  374),  that  limit  is 
used  only  on  the  primary  spirit  levels,  and  the  limit  used  for  the  pre- 
cise levels  is  the  factor  0.03  ft.  V  2  X  distance  in  miles.  The  author 
quite  agrees  that  this  is  too  large  a  limit,  and  believes  that  the  factor 
0.02  is  the  largest  which  should  be  permitted  in  the  highest  grade  of 
precise  leveling.  He  is  pleased  to  note  what  he  has  not  seen  in  the 
liitblications  of  the  Coast  Survey,  that,  according  to  Mr.  Winston,  that 
Bureau  now  accepts  this  more  severe  limit.  If  so,  they  do  not  adhere 
to  it  on  distances  of  any  magnitude. 

The  limits  given  by  Messrs.  Ferguson  and  Johnson  are  far  more 

severe  than  those  published.*     As  to  the  limits  now  given  for  the  Coast 

*  See  "Theory  and  Practice  of  Surveying,"  J.  B.  Johnson,  p.  558;  United  States 
Coast  Survey,  Appendix  ix:  Report  for  1893  on  "  Proceedings  of  Geodetic  Conference;" 
also  "Engineers"  Surveying  Instruments,"  L  (.).  Baker,  p.  382. 
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and  Geodetic  Survey  and  the  United  States  Engineers,  they  are,  so  far  Mr.  WiUon. 
as  the  author  can  ascertain,  attained  l)y  them  only  over  very  short  dis- 
tances between  adjacent  bench-marks.  It  is  a  very  much  more  difficult 
matter  to  maintain  oven  the  larger  limit  of  the  Geological  Survey  over 
auch  distances  as  those  to  which  their  levels  are  i^rojected.  An  insijection 
of  Table  No.  9  will  show  that  the  limits  of  error  made  by  the  Geological 
Survey  on  50-mile  stretches,  at  miles  400,  500  and  750,  are  infinitesimal. 
The  total  error  for  the  last  400  miles  is  there  shown  to  be  minute. 

Precision  of  Gircuil  Closures. — The  author  is  astonished  at  Mr.  Win- 
ston's statement  that  ''  Civil  engineers  of  this  country  will  require  a 
stronger  proof  of  acciii-acy  in  single  lines  of  wye  levels  run  in  circuits 
than  small  closing  errors. "  He  cannot  conceive  of  any  better  check, 
and  in  this  is  apparently  sustained  by  the  others.  Hundreds  of  such 
circuits  wei-e  closed  by  the  Geological  Survey  in  1896  and  1897,  and 
more  have  been  closed  this  year,  under  all  conditions  of  atmosphere, 
topography  and  personality,  and  all  are  kejit  within  the  limit  fixed. 
A  few  have  passed  this  limit,  but  have  been  checked  as  explained  by 
Mr.  Douglas.  No  better  criterion  of  the  quality  of  the  work  is  pos- 
sible, so  far  as  the  author  can  see.  As  to  why  spirit  levels  of  precision 
are  executed,  in  view  of  these  facts,  and,  as  asked  by  Mr.  Marshall, 
why  are  primary  levels  run,  in  view  of  their  greater  cost?  it  may  be 
stated  that  the  primary  levels  are  run  in  short  closed  circuits  and  the 
check  on  their  quality  is  sure  to  come  quickly.  The  jjrecise  levels  are 
run  forward  for  long  distances,  requii'ing  several  seasons  in  which  to 
reach  a  check.  As  a  result  it  is  necessary  that  they  be  run  with  greater 
care  and  by  duplicate  leveling,  or  as  double-rodded  lines,  and  by  the 
best  instruments  and  methods.  This  is  to  assure  certainty  of  result, 
even  though  such  result  is  generally  obtained  with  a  fair  degree  of  ap- 
proximation by  the  primary  levels.  The  author  does  not  assume  for 
one  moment  that  the  primary  levels  are  as  good  as  the  precise  levels. 
The  limit  of  accuracy  is  not  nearly  so  high,  and  errors  do  occur,  rarely 
oftener,  however,  than  once  in  a  season  for  a  given  party,  and  these 
errors  are  eliminated  by  rerunning  or  checking  a  circuit,  but  such 
errors  would  be  ruinous  in  the  precise  levels. 

Relative  Cost. — So  far,  the  precise  levels  have  actually  cost  as  little 
as,  and  sometimes  less  than,  the  i^rimary  levels,  but  that  is  no  reason 
for  using  precise  levels  for  all  of  the  work,  because:  The  expense 
of  precise  leveling  is  kept  down  by  the  fact  that  the  work  is  cut 
out  for  one  party  for  the  season.  They  run  over  good  grades — those  of 
railways — are  thus  able  to  make  good  speed  and  are  enabled  to  jjlan  a 
straightforward  jnece  of  uninterrupted  woi'k.  In  the  case  of  the  primary 
levels,  however,  these  are  run  over  all  sorts  of  country,  roads,  trails,  no 
trails,  through  woods  and  over  mountains.  This  is  largely  where  the  dif- 
erence  in  cost  comes  in.  Precise  levels,  under  such  conditions,  would 
<;ost  very  much  more.     Moreover,  the  parties  are  generally  doing  inter- 
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Mr.  Wilson,  rupted  work,  a  bit  here  and  there  according  as  it  may  be  needed  by  the 
topographers,  and  are  shifted  from  New  York  to  Maryland  and  from 
Maryland  to  Alabama,  as  the  exigencies  of  the  service  may  require. 

The  author  differs  with  Mr.  Winston  as  to  comparison  of  cost  of  work 
of  different  bureaus.  The  estimate  was  made  from  the  best  data  obtain- 
able from  oflBcial  reports.  The  author  endeavored  to  include  the  salary 
of  the  levelman  and  the  cost  of  office  work  in  all  cases,  for  the  very  good 
reason  that  this  becomes  a  serious  item  in  the  Coast  Survey,  because  of 
the  extensive  office  computations  which  are  necessary.  On  th»^  other 
hand,  it  is  entirely  eliminated  in  the  work  of  the  Geological  Survey;  no 
office  work  being  required  in  connection  with  their  precise  leveling. 

Conclusions. — The  author  is  not  surpi-ised  that  Messrs.  Marshall, 
Ferguson  and  Johnson  resent  apparent  classification  of  the  "Levels  of 
the  Missouri  and  Mississippi  Kiver  Commissions  in  the  same  category 
withthoseof  the  Coast  Survey  and  terms  them  'Geodesic'  "  Their  mis- 
interpretation of  the  classification  is  explained  elsewhere  in  this  discus- 
sion. It  was  believed  that  discussion  by  the  members  of  this  Society 
would  justify  or  condemn  the  selection  by  the  Geological  Survey  of 
methods  differing  so  radically  from  those  of  the  Coast  Survey.  It  will 
be  noted  all  through  the  paper  that  the  comparisons  are  drawn  largely 
with  the.work  of  the  Coast  Survey,  and  that  little  is  said  of  the  methods 
of  the  United  States  Engineers,  though  the  quality  of  the  work  is  praised . 
This  was  to  bring  out  expressions  on  the  part  of  the  latter  as  to  their 
views  on  this  subject,  and  the  author  believes  that  these  have  now  been 
set  forth  in  such  a  manner  as  to  point  clearly  to  definite  conclusions. 

One  of  the  chief  points  brought  out  by  this  discussion  regarding 
the  method  of  running,  in  addition  to  those  indicated  in  the  paper,  is 
Mr.  Marshall's  statement  as  to  the  desirability  of  repeating  the  back- 
sight after  each  foresight.  The  author  quite  agrees  with  him  as  to  the 
desirability  of  taking  this  precaution  in  doing  work  of  the  highest 
grade.  Mr.  Marshall  brings  out,  also,  and  clearly,  some  important 
jjoints  relative  to  the  divergence  of  lines  according  as  the  work  pro- 
gresses up  or  down  hill,  and  with  his  conclusions  the  author  heartily 
agrees.  He  is  not  prejjared,  however,  to  fully  endorse  the  United 
States  Engineers'  method  of  having  the  observer  duplicate  his  own 
line  in  opposite  directions.  For  the  present,  and  among  other  reasons 
for  some  of  those  given  by  Mr.  Van  Orden,  his  inclination  is  to  favor 
dui^licate  simultaneous  rodding  with  one  instrument. 

As  to  the  limit  of  pi-ecision,  for  the  best  work, 
0.02  ft.  v^2  X  distance  in  miles 
is  not  so  close  but  that  it  is  always  attainable;  and  by  this  is  meant 
not  only  attainable  as  interposed  by  the  United  States  Coast  Survey 
and  the  United  States  Engineers,  over  short  sections,  but,  in  addition, 
over  the  great  distances  to  which  it  is  applied  b}'  the  Geological  Sur- 
vey— and  this  is  the  severest  test  of  all. 
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General  Statement. 

Some  twelve  or  fourteen  years  since,  the  author,  as  Assistant  En- 
gineer to  the  hxte  Major  James  C.  Post,  was  directed  to  thoroughly 
investigate  the  subject  of  movable  dams,  as  applied  in  Europe  and  in 
this  country,  with  a  view  to  their  adoj^tiou  on  certain  small  rivers  in 
the  district  under  his  charge. 

The  investigation  resulted  in  the  accumulation  of  a  great  amount 
of  material  from  widely  scattered  sources,  in  treatises,  reports, 
pamphlets,  magazine  and  newspaper  articles,  etc  ,  and  valuable  in- 
formation from  actual  observation  of  the  dams  in  use  on  the  Ohio  and 
Great  Kanawha  Rivers. 

The  object  of  this  paper  is  to  digest  and  present  the  information 
thus  collected  in  as  concise  shape  as  practicable  in  connection  with  a 
description,  more  in  detail,  of  the  needle  dam  recently  completed  by 
the  author  on  the  Big  Sandy  River  at  Louisa,  Ky.,  and  incident- 
ally to  make  a  plea  for  a  more  satisfactory  solution  of  the  problem  of 
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river  improvement  by  the  construction  of  movable  dams  of  liiglier 
lift  on  American  rivers. 

Glasses  and  Kinds. — Movable  clams  may  be  divided  into  two  general 
classes:  (1)  those  requiring  extraneous  power  for  their  maneuvers, 
and  (2)  those  operated  by  the  force  of  water  properly  afjplied.  Among 
the  first  class  may  be  named  the  various  types  of  trestle  and  wicket 
dam,  like  the  Poiree,  Chanoine,  Boule,  Camere,  etc.,  while  the  second 
class  comprises  the  several  forms  of  bear-trai),  drum-wickets,  etc. 
The  first  class  is  practically  the  only  one  so  far  applied  to  navigable 
rivers,  and  its  application  has  been  confined  largely  to  the  wicket  of 
Chanoine  and  the  trestle  and  needle  of  Poiree.  In  general  these  dams 
are  constructed  in  two  or  more  sections,  in  addition  to  the  lock, 
which  all  dams  must  have.  One  of  these  is  for  navigation,  called  the 
pass,  and  one  or  more  for  the  passage  of  surplus  water,  called  the  weir. 
The  sill  of  the  pass  is  generally  placed  below  original  low- water  mark; 
those  of  the  weirs  conform  closely  to  the  bed  of  the  river  and  are  gen- 
erally considerably  higher  than  that  of  the  pass.  The  forms  of  clos- 
ing are  many,  and  frequently  vary  on  the  same  dam;  for  instance,  the 
pass  may  be  of  wickets  and  the  weir  of  needles,  or  the  reverse  may  be 
the  case;  however,  there  are  many  dams  wholly  of  wickets,  but  none, 
so  far  as  known  to  the  author,  wholly  of  needles  excejit  the  one  here- 
tofore mentioned,  in  this  country. 

More  than  one  type  has  been  applied,  even  on  the  same  part  of  a 
dam;  for  instance,  at  Suresnes,  France,  the  pass  is  closed  by  trestles 
supjiorting  alternate  bays  of  Boule  gates  and  Camere  curtains. 

The  Chanoine  wicket  is  a  heavy  upright  door  hinged  below  its 
middle  to  a  horse  connecting  with  a  floor  and  also  to  a  prop  which 
rests  against  a  shoe  on  the  floor.  The  removal  of  the  support  of  the 
prop  permits  the  wicket  to  fall  with  the  current. 

On  the  smaller  rivers,  generally,  the  Chanoine  wicket  has  come 
into  use  for  at  least  one  part  of  the  dam,  and  in  almost  all  cases  such 
dams  are  operated  from  foot-bridges  made  of  Poiree  trestles;  practic- 
ally a  double  construction.  Formerly  Chanoine  dams  were  raised 
from  a  boat,  but  this  method  has  been  superseded  by  the  foot-bridge, 
except  on  wide  rivers. 

In  the  needle  dam  the  water  is  dammed  up  by  planks,  called 
needles,  resting  against  bars  connecting  the  trestles  at  the  top,  and 
against  a  sill  in  the  river-bed  at  the  bottom.     The  trestles  are  spaced 
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from  3  to  4  ft.  <ai>art,  and  when  uot  in  use  lie  down  across  the  stream, 
being  protected  from  injury  by  the  sill  mentioned.  A  walkway  con- 
nects all  the  trestles  when  standing.  The  needles  are  generally  of  small 
dimensions  and  are  placed  by  hand.  The  Boule  gate  and  Camere  curtain 
replace  the  needles  by  small  gates  and  curtains  resting  directly  against 
the  trestles  or  against  uprights  leaning  on  the  trestles.  In  the  overhead- 
bridge  dam  the  supports  are  all  drawn  up  to  the  bi-idge  when  not  in 
use,  and  their  bottoms  rest  against  a  sill  in  the  river-bed  when  in  use. 

Object  and  AdvanUiges. — The  sohition  of  the  problem  of  improving 
rivers  of  moderate  flow  can  be  attained  most  satisfactorily  by  the  con- 
struction of  high-lift  movable  dams.  This  simply  means  the  applica- 
tion of  heavier  parts  to  hold  back  the  water,  and  heavier  machinery 
with  which  to  perform  the  operations,  than  are  now  in  use.  The 
purpose  of  movable  dams  is  to  conserve  the  water  in  a  stream  during 
the  season  of  medium  flow,  so  that  navigation  may  go  on  uninterrupt- 
edly through  the  lock,  and  restore  the  stream  to  its  natural  condition 
again  (by  lowering  the  dams)  upon  the  approach  of  sufficient  water 
for  free  navigation. 

In  the  latter  respect,  movable  dams  are  a  great  improvement  over 
fixed  dams,  in  which  navigation  must  pass  through  the  lock  at  all 
times.  Another  advantage  they  possess  over  fixed  dams,  which,  how- 
ever, seems  to  have  been  lost  sight  of,  is  that  they  are  applicable  to 
higher  lifts,  because  they  do  not  raise  the  level  of  the  water  during 
freshets  above  its  accustomed  height  in  the  original  condition  of  the 
river.  Wliile  this  is  a  fact,  yet  these  dams  have  not  been  applied 
even  to  equal  lifts  w'ith  those  of  fixed  dams,  and  their  greatest  draw- 
back has  been  that  their  cost  was  far  too  great  for  the  amount  of  river 
made  navigable  thereby;  in  other  words  the  lift  attained  was  too 
small  to  justify  the  exjiense.  The  success  of  movable  dams  cannot 
be  considered  complete  until  they  have  been  applied  to  lifts  at  least 
equal  to  those  which  would  be  given  to  fixed  dams  at  the  same  points, 
and  at  no  greater  cost. 

In  many  rivers  where  the  banks  are  of  good  height,  it  is  believed 
to  be  possible  to  rediice  the  number  of  dams  to  half  that  now  pro- 
posed, and  still  adhere  to  types  which  have  had  ample  trial  and  are 
well  known.  The  American  needle  dam  which  has  been  mentioned 
sustains  a  head  of  12  ft.  for  months,  and  yet  it  is  maneuvered  with 
simple  appliances  and  with  as  great  facility  as  are  the  needle  dams  of 
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France  with  heads  of  5  to  7  ft.  Its  oi^eration  would  be  quite  as  easy 
with  a  much  greater  depth  on  the  sill,  provided  the  lift  was  not  pro- 
portionately increased.  That  the  lift  of  Chanoine  dams  can  be  in- 
creased to  12  ft.,  with  wickets  18  to  20  ft.  high,  the  author  has  no 
-doubt,  particularly  if  a  suitably  designed  tripping  device  is  used 
which  will  admit  of  a  more  rigid  prop  and  horse  construction. 

The  Boule  gate  may  also  be  readily  applied  to  high  lifts  in  rivers 
where  there  is  ample  time  for  the  maneuvers,  and  the  overhead-bridge 
dam  is  already  in  use  for  high  dams. 

The  author  does  not  claim  any  expert  knowledge  on  the  subject, 
and  hopes  to  see  open  criticism  of  his  ojjinions  from  those  of  wider 
experience  and  maturer  thought,  but  he  has  successfully  applied 
needles  as  above  stated,  and  his  investigations  have  convinced  him 
that  other  systems  may  be  applied  to  much  higher  lifts  than  hereto- 
fore, with  vast  economy  in  the  first  cost  as  well  as  in  the  future  opera- 
tion and  maintenance,  and  to  the  great  benefit  of  navigation,  which 
will  then  not  be  troubled  by  the  delay  and  danger  incident  to  passing 
through  so  many  locks. 

While  the  present  forms  of  dam  can  be  ajiplied  to  greater  lifts 
their  maneuvers  are  attended  with  more  or  less  danger,  and  this  ob- 
jection should  be  overcome  in  designing  a  dam  with  high  lift. 

The  greatest  danger  to  life  occurs  in  lowering  the  dam,  when  the 
water  is  turned  loose  and  forms  a  raging  torrent  from  which  rescue 
would  be  impossible,  and  this  work  should  not  take  place  from  a 
narrow  foot-bridge  or  maneuvering  boat.  This  should  be  obviated  by 
the  substitution  of  suitable  api^liances  located  on  the  masonry,  and, 
where  possible,  the  raising  should  also  be  done  with  stationary  ma- 
chinery; but  where  this  is  not  practicable,  it  should  at  least  occur  in  a 
manner  which  in  no  way  endangers  the  lives  of  the  men  engaged  at  it. 

Essentials. — The  study  of  this  subject  has  developed  in  the  aiithor's 
mind  the  conviction  that  every  movable  dam  not  operated  by  the 
natural  forces  of  the  water,  properly  brought  into  play,  should  fulfill 
the  following  conditions: 

(1)  The  head  of  water  sustained  should  not  be  less  than  that  advis- 
able for  a  stationary  dam  at  the  same  point. 

(2)  The  dam  should  be  capable  of  being  operated  by  the  regular 
employees  and  appliances,  both  in  lowering  and  raising,  under  full 
head,  in  whole  or  in  part,  without  risk  to  the  operatives. 
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(3)  The  crest  should  be  submersible  to  a  sufficient  extent  to  regu- 
late the  flow  at  ordinary  stages. 

(i)  The  leakage  should  not  exceed  the  discharge  of  the  stream  at 
any  season. 

(5)  The  parts  should  be  complete  in  themselves  without  the  intro- 
duction of  additional  means  for  sustaining  the  water,  even  in  low-water 
seasons. 

(6)  It  should  not  be  necessary  to  move  any  part  of  the  structure  or 
its  maneuvering  aiijiliances  to  points  of  safety  during  or  after  its 
lowering. 

(7)  The  cost  should  not  exceed  that  of  a  lixed  dam  for  the  same 
location. 

As  has  been  stated,  several  of  the  types  of  dam  now  in  use  may  be 
made  to  fill  the  first  condition.  The  same  is  also  true  of  the  third  and 
possibly  of  the  fourth  and  fifth,  but  the  second  condition  is  not  ful- 
filled in  any  dam  in  use  known  to  the  author.  It  may  be  that  this 
requii-ement  cannot  be  met  by  a  single  construction,  and  that  a  com- 
bination would  be  necessary  for  the  purpose,  but  the  author  is  of 
the  opinion  that  a  dam  made  wholly  of  trestles  which  could  be  raised 
and  lowered  at  right  angles  to  the  current,  with  stationary  machinery, 
would  very  nearly  meet  every  condition  necessary  to  a  siiccessful 
movable  dam. 

If  a  double  construction  must  be  resorted  to,  it  should  be  one  in 
which  the  raising  is  done  with  or  across  the  current,  and  the  lowering 
downstream.  Neither  maneuver  should  be  against  the  current.  For 
instance,  a  dam  consisting  wholly  of  trestles  could  first  be  erected 
from  the  masonry,  and  then  a  dam  composed  of  wickets  or  shutters 
could  safely  be  set  up  in  the  quiet  water  thus  occasioned,  before  the 
trestles  would  overflow;  as  soon  as  the  dam  proper  was  up,  the  trestles 
could  be  let  down.  The  lowering  of  the  wickets  or  shutters  could  be 
done  with  a  suitably  designed  trijiping  device,  operated  from  the 
masonry,  and  their  erection  could  be  accomplished  also  from  the 
masonry  with  a  crab  or  engine  and  chain  leading  out  over  the  trestles 
and  being  connected  successively  with  the  wicket  chains  passed  over 
sheaves  on  the  trestle  heads,  or  in  the  usual  manner  from  the  foot- 
bridge or  a  maneuvering  boat.  In  many  locations  the  use  of  timber 
and  concrete  in  foundations  always  submerged  would  greatly  reduce 
construction    expenses.     With    the    abundance    of    gravel    in    many 
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streams,  which  must  be  removed  in  order  to  build  the  foundation, 
and  the  cheapness  of  good  cement,  it  is  possible  to  secure  an  excellent 
concrete  at  small  cost;  and  the  whole  construction  is  simplified  by  its 
use,  as,  with  it,  the  formation  of  culverts,  the  laying  of  pipes,  or  the 
setting  of  bolts,  becomes  easy. 

For  lock  faces  and  exposed  surfaces  it  can,  with  small  additional 
cost,  be  shaped  to  have  the  appearance  of  the  finest  masonry,  and 
the  architectural  eff'ect  of  works  of  this  class  should  not  be  neglected. 
Ornamentation  is  not  necessary,  in  fact,  would  be  out  of  place;  but 
every  part  which  shows  above  water,  the  masonx-y,  the  gates,  the 
trestles,  the  wickets,  the  operating  appliances,  the  buildings  and 
grounds  and  fences,  should  be  so  designed  as  to  jiresent  an  apiiear- 
ance  at  once  satisfactory  from  an  artistic  as  well  as  from  a  utilitarian 
standpoint. 

While  timber  may  be  advantageously  used  in  deep  foundations,  it 
should  rarely  appear  in  those  parts  of  the  structure  which  are  ex- 
posedj  and  the  use  of  it  for  guide  and  protection  cribs  is  to  be  con- 
demned, because  it  lasts  but  a  short  time  and  is  unsightly.  The  use 
of  concrete  for  these  structures  will  about  double  their  first  cost,  but 
their  renewal  will  not  be  necessary. 

With  the  foregoing  remarks  of  a  general  character,  the  subject 
will  now  be  taken  up  more  in  detail,  prefaced  by  a  brief  resume  of 
the  condition  of  river  improvement  previous  to  the  introduction  of 
movable  dams. 

History. — A  dam  is  a  barrier  placed  across  a  water-way  for  raisings 
its  level  or  diverting  its  course.  Dams  are  used  as  aids  to  navigation, 
irrigation,  the  running  of  machinery,  and  for  the  storage  of  water  for 
domestic  and  manufacturing  purposes.  There  are  two  general  classes 
of  dams,  stationary  and  movable.  A  stationary  dam  is  a  wall  placed 
across  a  stream  affording  no  passage  for  navigation  or  the  discharge 
of  water  except  over  its  crest.  A  movable  dam  is  a  barrier  placed  in 
a  stream  and  capable  of  being  lowered,  when  desirable,  so  as  to  form  no 
obstruction  to  navigation  or  the  passage  of  water. 

Mill  dams  are  said  to  have  been  in  use  before  the  Christian  era, 
and  it  is  known  that  they  were  numerous  as  early  as  the  5th  century, 
but  these  dams  were  a  hindrance  rather  than  a  help  to  navigation,  as 
they  completely  closed  the  streams,  or,  when  sluices  Avere  opened  on 
streams  affording  sufficient  water,  they  were  difficult  to  ascend  and 
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dangerous  to  desceud.  Prior  to  1830  the  fixed  or  stationary  dam  was 
the  only  one  used  for  navigation  purposes.  These  had  been  in  use  on 
the  Lot  since  the  13th  century,  and,  with  the  introduction  of  locks 
in  the  15th  century,  had  been  constructed  on  many  rivers,  but  they 
were  open  to  the  same  objection  that  exists  to-day — the  principle  is 
unfavorable  to  navigation.  Dams  with  navigable  passes  had  been  used, 
but  the  ascent  of  the  jjass  was  always  very  laborious  and  costly.  The 
openings  or  passes  were  closed  by  beams  lying  one  upon  another,  sup- 
ported by  piles  or  piei-s  at  the  ends,  or  by  planks  resting  against  a  sill 
in  the  river-bed  at  the  bottom,  and  a  beam  spanning  the  opening  at  the 
top.  When  it  was  desired  to  open  the  passage,  the  beams  or  planks 
were  removed,  either  one  by  one,  or  simultaneously,  and  the  water 
rushed  through  with  great  violence.  Sometimes  these  beams  and 
idanks  were  used  for  the  purpose  of  producing  artificial  floods,  by 
damming  up  the  whole  river  for  a  certain  time,  until  the  level  of  the 
pool  above  the  dam  had  been  raised  to  a  desired  height,  when,  by 
the  sudden  removal  of  the  beams  or  planks,  the  water  escaped  and 
carried  rafts  or  boats  over  the  shallow  places  below.  The  operation 
of  letting  out  the  water  was  called  "  flushing  "  or  "  flashing";  in  this 
country  on  log  streams  it  is  called  "splashing."  Some  falling  gates 
or  shutters,  supported  by  props  when  they  were  uj^right,  were  built 
across  the  crest  of  a  fixed  dam  on  the  River  Orb,  in  France,  in  the  18th 
century,  forming  the  first  attempt  at  placing  movable  weirs  on  fixed 
dams. 

The  first  distinct  type  of  movable  dam  w^as  erected  in  the  early 
l^art  of  the  present  century  in  the  Lehigh  Eiver,  in  the  United  States, 
and  known  as  the  bear-trap  dam,  but  this  system  has  not  come  into 
general  use.  It  consisted  of  two  wooden  gates  revolving  on  horizon- 
tal axes  at  the  floor  level.  The  down-stream  gate  pointed  up  stream, 
and  the  up-stream  one  jjointed  down  stream.  The  up-stream  gate 
rested  on  the  edge  of  the  down-stream  gate  when  raised.  The  dam 
was  operated  by  water  running  under  the  gates  through  culverts  and 
forcing  them  up.  A  revival  of  interest  in  this  form  of  dam  has  taken 
place  in  recent  years,  and  it  is  believed  that  results  valuable  to 
navigation  will  follow  its  re-introduction  on  American  rivers. 

Fixed  dams  were  sometimes  built  with  several  openings  or  pas- 
sages to  admit  of  the  regulation  of  the  pool  and  the  passage  of  timber 
and  boats.     A  dam  was  formed  of  masonrv  or  of  timber  cribs  filled 
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with  earth  or  stone,  or  sometimes  merely  of  an  embankment  of  stone 
protected  by  water  walls.  The  coping  of  the  dam  served  to  support 
a  foot-bridge  carrying  a  crab  for  operating  the  shutters;  sometimes 
several  gates  were  placed  in  the  same  line,  the  width  of  the  opening 
being  divided  into  several  bays  by  vertical  beams,  one  end  of  which 
rested  on  the  floor  and  the  other  on  the  foot-bridge.  The  gates  slid 
in  grooves  in  the  vertical  beams.  Sometimes,  if  it  was  desirable  to 
secure  a  considerable  head  of  water,  several  gates  were  used,  one 
above  the  other.  These  were  objectionable  for  the  reason  that  the 
shutters  were  too  narrow,  their  supports  too  close,  and  the  foot- 
bridges were  raised  too  little  a  distance  above  the  Avater  to  allow 
traffic  to  pass  under  them. 

Similar  to  the  old-time  stanches  were  the  horizontal  pcut7-elles.  By 
the  use  of  these,  openings  could  be  made  from  15  to  18  ft.  wide  or 
more;  and,  the  foot-bridge  being  dispensed  with,  by  using  a  sufficient 
number  of  beams,  considerable  height  could  be  secured  in  the  pool; 
but  the  beams  were  very  heavy  and  difficult  to  manage.  To  facilitate 
maneuvering,  escapements  or  escape  pot<^re//es  were  sometimes  used,  in 
which  one  end  rested  against  a  beam  turning  on  a  vertical  axis.  The 
opening  of  the  pass  was  easy  and  rapid,  but  the  closing  remained 
difficult.  Openings  wide  enough  to  allow  the  passage  of  rafts  and 
boats  could  be  made  by  the  removal  of  the  beams. 

Prior  to  1834,  the  best  type  of  dam  known  was  the  masonry  ones 
of  the  Lot.  This  Avas  the  oldest  canalized  river.  Locks  were  intro- 
duced upon  it  as  soon  as  they  Avere  known.  In  a  distance  of  160  miles 
there  are  71  locks  with  fixed  dams,  having  a  total  lift  of  515  ft.  The 
depth  of  water  on  the  lower  sill  is  3  ft.  Navigation  up  to  this  time 
had  been  expensi\'e,  slow  and  uncertain,  and  no  system  of  movable 
dams  had  been  invented  Avhich  tended  to  solve  the  difficulty. 

In  the  year  1834,  M.  Poiree,  an  eminent  French  engineer,  invented 
the  needle  dam.  This  invention  ushered  in  a  new  era  in  navigation, 
and  this  tyi^e  of  dam  soon  multiplied  and  was  improved  and  modified, 
and  other  inventors  came  forward  with  entirely  new  ideas,  some  good, 
some  bad,  imtil  to-day  there  are  numerous  systems  from  Avhich  to 
choose. 

As  may  be  imagined,  the  invention  of  movable  dams  in  France  Avas 
only  arrived  at  after  long  discussion  of  Avays  and  means  for  more 
successfully  operating  the  movable  apparatus  used  for  closing  the 
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chutes  in  the  old  stationary  dams.  The  use  of  needles  was  already 
old.  The  problem  to  be  solved  was  how  best  to  widen  the  passages 
to  accommodate  the  increased  requirements.  The  experiment  of 
supporting  the  tops  of  the  needles  by  a  rope  was  tried,  and  was  in  a 
measure  satisfactory  for  lifts  of  2  to  3  ft.  on  passes  of  considerable 
width.  The  roj^e  was  braced  to  the  down-stream  side  of  the  sill  by 
strips  of  wood.  One  end  of  the  rope  was  tied  to  an  anchor,  while  the 
other  was  wound  on  a  windlass.  To  open  the  dam  it  was  only  neces- 
sary to  cut  the  line  at  the  anchor,  when  the  whole  set  of  needles 
would  float  out,  being  attached  to  the  rope  beforehand,  as  were  also 
the  braces.  This,  then,  was  the  status  of  imi^rovements  in  fixed 
dams  when  the  first  actual  movable  dam  was  constructed,  and  it  was 
only  natural  that  iron  trestles  should  supersede  masonry  piers  in 
needle  dams,  that  gates  sliding  on  these  same  trestles  should  later  on 
replace  the  sluice  gates  of  the  old  chutes  operated  from  an  overhead- 
bridge,  that  the  swinging  wickets  formerly  used  to  increase  the 
heights  of  stationary  dams  should  actually  form  the  dam  itself  in 
after  years,  and  that  poutrellea  hinged  together  and  supported  on 
trestles  should  form  a  ciirtain  dam  that  Avas  to  become  famous. 

PoiKEE  Needle  Dams. 

Under  this  head  will  be  described  the  needle  dam  as  aijplied  in 
France,  Belgium  and  the  United  States.  Those  of  other  parts  of 
Europe  and  South  America  vary  but  little  from  the  French  pattern. 

In  France. 

While  the  bear-trap  was  earlier  in  use  on  the  Lehigh,  yet  the  pioneer 
of  movable  dams  on  na^dgable  rivers,  and  the  one  which  has  always 
been  in  most  general  use,  is  the  classic  needle  dam  invented  by  M. 
Poiree  in  1834  and  first  constructed  at  Basseville,  France.  It  is  called 
a  needle  dam  because  the  wall  which  holds  and  supports  the  water  is 
made  of  needles  or  wooden  spars  ranged  side  by  side  across  the 
stream. 

No  better  description  can  be  given  than  that  of  the  inventor  him- 
self* ten  years  after  the  first  dam  was  built,  which  is  as  follows: 

"  It  consists  of  a  row  of  trestles,  placed  parallel  with  the  current, 
turning,  around  their  bases,  fixed  to  the  floor,  and  connected  with  one 

*  De  Lagrene,  ••  Coiirs  de  Navigation  Intirieure,''  p.  175. 
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another  in  the  iii^per  part,  when  they  are  upright,  l)_v  fhxmps  or  bars 
having  claws  at  the  end.  Wooden  needles,  resting  against  the  up- 
stream side  on  a  sill  at  the  bottom  and  on  the  bars  at  the  top,  form  the 
wall  which  arrests  and  sustains  the  water.  When  all  the  trestles  are 
bedded  they  present  no  obstacle  to  navigation  above  the  sill  of  the 
floor.  Each  trestle  is  shaped  like  a  trapezium,  the  two  bases  are 
horizontal,  the  lower  base  ends  in  journals  which  fit  into  two  boxes  of 
cast  iron;  the  upper  base  carries  the  planks  of  a  service-bridge.  The 
up-stream  side  is  vertical,  the  down-stream  one  sloping.  The  inside 
is  furnished  with  a  brace  or  with  other  bars  according  to  the  strain  to 
be  supported.  At  the  head  of  the  trestle  is  a  bolt  which  carries  on  its 
ujjper  side  a  washer  against  which  rests  the  up-stream  bar,  and  having 
on  the  lower  end  a  cap  against  which  is  fitted  on  one  side  the  curved 
claw  of  the  hook  which  unites  each  trestle  to  the  preceding  one,  and  on 
the  other  side  the  end  of  the  hook  which  joins  it  to  the  one  following. 
Each  hook  is  provided  at  its  extremity  with  a  chain  which  serves  for 
working  it,  and  the  end  of  the  chain  is  fastened  to  the  cap  of  the  pre- 
ceding trestle.  In  order  to  allow  the  trestles  to  be  easily  worked  by  two 
men,  they  are  jjlaced  3.28  ft.  ajjart  and  are  only  6.23  ft.  high,  2.56  ft. 
wide  at  the  top  and  4.92  ft.  wide  at  the  base.  The  thickness  of  the  iron 
is  0.12  ft.,  and  the  weight  of  each  trestle  is  242  lbs.  without  the  bars 
and  hooks  (dimensions  of  the  trestles  of  the  Decize  dam,  bviilt  m  1836). 
When  it  is  necessary  to  raise  the  dam  two  men  take  the  chain  which 
hangs  along  the  abutment,  raise  the  first  trestle,  place  its  hook  in  the 
ring  fixed  in  the  masonry,  lay  the  two  planks  on  the  foot-bridge,  and 
fasten  the  trestle  to  the  coping  by  the  front  and  back  bars.  They 
work  in  the  same  way  with  the  rest  of  the  trestles.  The  skeleton  of 
the  dam  being  up  thus,  the  two  men  proceed  to  fill  it  in  by  placing 
the  needles  one  by  one,  first  one  space  apart  to  break  the  current, 
then  close  together  to  make  the  wall  as  tight  as  possible.  If  it  is  de- 
sirable to  lower  the  water,  the  two  men  take  the  needles  away  one  at  a 
time  and  lay  them  on  the  back  part  of  the  foot-bridge.  If  it  is  desir- 
able to  remove  the  trestles,  the  needles  are  taken  to  the  storehouse,  the 
bars  and  planks  of  the  last  bay  are  removed;  then  the  hook  is  raised 
which  joins  the  last  ti'estle  to  the  last  but  one,  and  it  is  allowed  to 
fall,  the  shock  being  lessened  by  means  of  the  chain  fastened  to  the 
hook.  The  same  method  is  pursued  with  each  bay.  When  each 
trestle  is  laid  down  and  the  chain  stretched,  a  ring  of  j^articular  con- 
struction placed  at  a  conveniently  determined  distance  should  be  on 
the  right  of  the  screw-ring  on  the  trestle  still  standing;  if  such  is  not 
the  case,  it  shows  that  the  trestle  is  not  on  the  bottom. " 

Modifications. — M.  d'Haranguier  de  Quinccrot  substituted  for  the 
wooden  foot-bridge  one  of  iron,  fastened  to  the  trestles  and  joining 
them  one  to  another  when  up,  and  falling  with  them  when  they  are 
lowered,  partially  covering   them   when   at   rest  on   the   floor.     The 
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trestles  of  the  dams  on  the  Cher  are  thus  arranged.  They  weigh  329 
lbs. ,  and  are  raised  with  a  small  winch.  The  adoption  of  the  sheet-iron 
floor  gives  at  one  movement  a  solid  service-bridge,  when  the  trestles 
are  raised,  in  addition  to  holding  the  trestles  firmly  together  and  sup- 
porting the  heads  of  the  needles.  Other  modifications  soon  followed 
that  of  the  foot-bridge,  and  higher  dams  were  built.  Thus,  from  1860 
to  1869,  in  the  dams  built  on  the  lower  Seine,  the  trestles  were  made 
10.82  ft.  in  height  and  placed  3.60  ft.  apart.  The  introduction  of  high 
dams  necessitated  invention  in  another  direction,  /.  e.,  thereleasing  of 
the  needles,  which  were  greatly  increased  in  size  and  weight.  This  de- 
vice consists  in  connecting  the  trestles  by  a  bar  so  made  as  to  support 
the  heads  of  the  needles  and  capable  of  being  released  at  one  end  by  a 
simple  arrangement,  when  the  needles  in  that  bay  are  allowed  to  fall. 

Regulating  Weir. — M.  Poiree,  the  inventor  of  the  needle  dam,  saw- 
in  the  beginning  the  necessity  of  means  being  i^rovided  for  the  escajje 
of  surplus  water  so  as  not  to  overflow  the  needles  and  foot-bridge,  and 
makes  the  following  remark  in  this  connection  :  *  "  The  dam  is  accom- 
panied by  a  fixed  weir  made  level  with  the  pool,  the  height  of  which 
it  serves  to  regulate,  while  at  the  same  time  it  aff'ords  a  means  of  pass- 
ing off  any  sudden  rise  Avhich  might  happen  to  come  at  night  or 
during  the  absence  of  the  watchman. " 

The  length  of  this  dam  is  fixed  by  the  width  of  the  river  at  the 
point  at  which  it  is  to  be  built,  as  it  must  be  capable  of  passing  the 
entire  volume  of  water  in  the  stream. 

In  the  early  history  of  movable  dams  these  regulating  weirs  were 
all  built  stationary,  but  later  inventions  enabled  them  to  be  con- 
structed of  movable  parts,  the  same  as  the  passes  or  navigable  por- 
tions, but  not  in  the  same  manner.  For  this  purpose  the  wickets  of 
M.  Chanoine,  Avhich  will  be  fully  described  subsequently  in  this  paper, 
have  been  largely  used. 

Needles. — The  needles  of  the  first  dams  were  made  of  red  pine,  0.13 
ft.  square  and  8.2  ft.  long,  and  weighed  about  4|  lbs.  when  wet. 
Many  later  dams  in  France  have  needles  0.26  ft.  square  and  13.12  ft. 
long.  On  the  later  dams  of  the  lower  Seine  the  depth  of  water  on  the 
sills  is  9.84  ft.,  and  the  length  of  the  needles  14.76  ft.  Much  of  this 
length  must  necessarily  stand  above  water  and  is  of  use  solely  in  the 
placing  of  the  needles.     Their  construction  varies  with  the  locality, 


*  De  Lagrene,  p.  170. 
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or  the  ideas  of  the  engineer.  Some  are  providocl  with  a  ring  on  the 
up-stream  side  through  which  a  rope  may  be  passed  for  the  purpose 
of  hokliug  them  when  the  dam  is  to  be  lowered;  others  are  held  to 
the  bar  connecting  the  trestles  by  a  hook  on  the  down-stream  side, 
while  in  many  dams  they  are  plain  scantling  with  a  simple  handle  at 
the  top.  Their  section  also  varies  somewhat;  some  being  square,  some 
rectangular,  while  another  form  has  a  uniform  width,  but  is  larger  at 
the  point  of  greatest  resistance  than  at  either  end.  Hexagonal  and 
semi-hexagonal  needles,  and  needles  with  rubber  up-stream  facings 
on  alternates,  overla2)ping  each  of  its  fellows,  have  been  proposed 
and  experimented  with,  but  none  of  these  have  come  into  general  use. 
A  hollow  needle  made  of  four  planks  nailed  together  and  banded  with 
iron  has  been  proposed,  and  promises  good  results. 

One  serious  drawback  to  needle  dams  has  been  the  constant  break- 
age of  the  needles  when  made  of  a  size  easily  handled.  This  has  been 
overcome  in  some  dams  by  the  introduction  of  a  relieving  bar  placed 
at  about  one-third  the  height  of  the  part  imder  stress,  and  suspended 
by  chains.  This  bar  is  of  wood  and  rests  against  the  up-stream  sides 
of  the  trestles.  Another  method  was  jjroposed  by  the  engineer  Cadot 
when  engaged  upon  the  Saone  improvement,  which  was  to  make 
trestles  with  two  stages  of  needles,  one  above  the  other,  but  it  is  not 
known  that  this  idea  has  had  jn-actical  application. 

The  Chief  Engineer  of  the  large  needle  dams  on  the  Marne  has  fur- 
nished the  author  the  following,  under  date  of  May  29th,  1897,  in  re- 
gard to  needle  dams  on  that  stream : 

"The  needles  employed  on  the  canalized  portion  of  the  Marne  for 
closing  the  dams  are  of  red  northern  fir,  from  4  ins.  to  4|  ins.  square, 
according  to  the  lift,  and  of  a  length  up  to  16  ft.  5  ins.  A  needle 
of  these  dimensions  reaches  a  weight  of  100  lbs. ,  and  experience  has 
shown  that  this  ought  not  to  be  much  exceeded.  The  jjlacing  and 
removal  of  a  piece  16  ft.  5  ins.  long,  w^eighing  more  than  110  lbs., 
would  require  too  great  an  efi'ort  on  the  part  of  the  lock-tender  or  his 
assistants,  and  as  the  maneuver  would  become  much  more  comijlicated 
and  take  a  longer  time,  a  part  of  the  advantages  of  the  system  woiild 
be  lost.  This  was  the  principal  reason  for  giving  up  the  needles 
which  measured  7|-  ins.  by  4f  ins.  ;  these  were  used  for  the  jaurpose 
of  experiment,  but  at  this  date  they  have  been  abandoned. 

"  Each  needle  is  provided  with  a  handle  and  an  iron  hook,  which  are 
considered  indisi^ensable  for  the  operation.  In  placing  a  needle  in 
position,  it  is  held  by  the  handle  in  an  almost  horizontal  position, 
care  being  taken  that  the  hook  is  around  the  support-bar;  the  end  is 
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then  allowed  to  eater  the  water  and  is  carried  around  by  the  current 
till  it  is  stopped  by  the  sill.  As  the  length  of  the  needle  from  the  hook 
to  the  end  exceeds  the  length  from  the  support-bar  to  the  sill  by  f  in. 
to  fin.,  the  foot  of  the  needle  scraj^es  along  the  floor  just  as  the 
needle  becomes  upright.  This  takes  away  the  shock  from  the  sujd- 
port-bar  almost  completely,  and  assures  the  normal  placing  of  the 
needle. 

"The  operation  of  removal  is  also  carried  out  with  the  greatest 
ease.  Usually  a  crab  carried  on  a  truck  is  used  to  raise  the  needle 
till  it  passes  over  the  sill,  when  it  swings  on  the  siipport-bar  and  in 
the  current.  It  is  then  lifted  up  by  hand  from  the  footway  and  loaded 
on  to  a  car.  A  boat  is  only  used  in  exceptional  cases,  and  when  the 
pools  have  reached  the  same  level.  To  remove  floating  needles  from 
the  -water,  it  is  advantageous  to  use  a  crane  with  a  collar  at  the  end,  in 
which  turns  a  balanced  beam  with  a  chain  or  rope  at  each  end;  this 
crane  is  fixed  to  the  car.  The  head  of  the  needle  is  fastened  to  one  of 
these  chains  and  a  pull  is  exerted  on  the  other;  the  needle  thus  rises 
and  is  held  by  a  man  on  the  footway.  In  many  cases  the  balance 
beam  is  used  without  having  swung  the  needle,  and  the  freeing  and 
removal  is  thus  accomplished  at  one  and  the  same  time.  On  some 
dams  the  car  is  replaced  by  a  simple  jointed  lever,  and  the  needles  are 
then  carried  away  by  hand.  Hook  needles  thus  afford  several  combi- 
nations, for  the  suppression  of  all  danger  of  operation  (which  is  the 
real  advantage  of  the  system)  is  the  object  of  such  solutions." 

Trestlen. — The  trestles  were  at  first  built  of  square  iron  and  braced 
diagonally  and  horizontally  with  flat  bars,  but  as  the  construction  of 
higher  dams  became  necessary,  other  forms  of  iron  were  used  which 
had  less  weight  for  the  same  strength.  However,  bar  iron  is  still  used 
on  some  dams.  The  lower  bar  or  base  of  the  trestle  terminates  in  jour- 
nals which  fit  into  cast-iron  journal-boxes  fastened  to  the  masonry  of 
the  floor  in  which  the  trestle  turns  when  lowering  or  raising  the  dam. 
The  posts  or  uprights  stand  on  this  axle,  and  are  fastened  to  it  by 
means  of  plates  of  iron  and  rivets.  A  cap  surmounts  the  posts  and 
completes  the  trapezium.  A  brace  reaches  from  the  bottom  of  the 
down-stream  i:)ost  to  the  top  of  the  up-stream  one,  and  this  is  held  in 
place  by  horizontal  braces  connecting  the  two  posts.  All  members 
are  united  by  riveted  iron  plates.  A  chain  fastened  to  the  top  bar 
serves  to  lower  or  raise  the  trestle. 

In  order  to  raise  the  foot-bridge  above  danger  of  submersion,  the 
trestle  is  sometimes  surmounted  by  a  rectangular  framework  of  iron 
to  which  the  floor  of  the  bridge  is  attached,  thus  forming  a  safe  con- 
nection  between   the   trestles.       The   upper   supporting   bar   of   the 
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needles,  when  arranged  for  their  sininltaneous  fall,  is  generally  con- 
nected with  the  up-stream  post  of  this  frame. 

Method  of  Working. — Originally  the  attendant  and  his  assistant 
began  at  the  abntmeut  in  the  erection  of  the  dam.  The  first  trestle 
raised  (which  is  the  last  lowered)  is  brought  up  by  its  chain  or  by  a 
boat-hook.  The  clamj)  or  hook  attached  to  the  trestle  is  placed  in  a 
ring  fixed  in  the  masonry  of  the  abntnieut,  and  the  planks  of  the  foot- 
bridge laid.  The  trestle  is  then  fastened  to  the  cojiiug  by  the  front 
bar,  which  supports  the  upper  end  of  the  needles,  and  the  back  bars, 
joining  the  lower  side  of  the  trestles.  They  proceed  in  the  same  way 
with  the  remaining  trestles,  thus  forming  the  skeleton  of  the  dam. 
The  needles  are  then  placed  one  by  one,  first  one  space  apart  to  break 
the  force  of  the  water,  and,  later,  close  together,  to  make  as  tight  a  wall 
as  can  be  made.  If  it  is  desired  to  lower  the  dam,  the  needles  are 
carried  to  the  bank,  one  at  a  time,  the  bars  and  jjlanks  of  the  bay  are 
removed,  the  hook  which  joins  the  last  trestle  to  the  last  but  one  is 
then  unfastened,  and  the  trestle  lowered  by  the  chain,  and  so  on  until 
all  are  down. 

More  minutely,  the  following  is  a  description  of  the  operation  of  the 
Decize  dam  of  the  Loire  River,  in  France.  Suppose  that  part  of  the  dam 
has  already  been  raised,  and  that  it  is  desired  to  raise  the  rest.  The 
assistant  carries  to  the  next  to  the  last  bay  three  planks  and  the  two 
bars  which  are  to  form  the  service-bridge  and  to  hold  up  the  trestle 
they  are  going  to  raise.  The  attendant,  standing  upon  the  bridge  at 
the  last  bay,  draws  toward  him  the  chain.  A  loop  is  passed  through 
the  chain  which  is  attached  to  the  trestle  last  raised  and  fastened  to 
the  head  of  the  first  trestle  lowered.  He  attaches  to  a  link  of  this 
chain  with  a  hook  another  small  chain  4.26  ft.  long  which  he  pulls 
tight  at  his  convenience.  Both  men  then  move  the  trestle  and  raise 
it  a  little.  Then  the  assistant  draws  it  to  an  almost  vertical  position, 
while  the  keeper  takes  the  handle-bar,  and  catches  the  upper  side  of 
the  moving  trestle  between  the  projections  on  the  end  next  to  him 
to  the  last  trestle  raised.  He  then  puts  down  the  service  planks,  takes 
the  holding-bar  and  attaches  the  trestle  just  raised  to  the  one  next  to 
it  by  taking  hold  Tftith  the  teeth  of  the  bar  those  pai-ts  of  the  trestle 
heads  above  the  cap  through  which  the  chain  passes.  He  then  de- 
taches the  handle-bar  ready  for  the  next  move.  The  method  of  lower- 
ing the  trestles  is  as  follows :  After  the  needles  have  been  taken  away 
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for  a  distance  of  say  60  ft.,  the  dam-keeper  joins  the  first  and  second 
trestles  by  the.handle-bar,  removes  the  holding-bar  and  the  foot-bridge, 
which  the  assistant  carries  away,  either  to  the  bank  or  to  a  portion  of 
the  bridge  not  to  be  lowered.  The  keeper  then  draws  up  the  chain 
to  his  feet,  taking  care  that  it  is  not  kinked,  seizes  the  handle-bar, 
removes  it  from  the  second  trestle,  and  pushes  the  first  one  over,  giving 
the  handle-bar  a  twist  which  disengages  it.  The  trestle  then  falls, 
dragging  the  chain  after  it.  The  dam-tender  then  draws  the  chain  up 
to  satisfy  himself  that  the  trestle  is  properly  bedded,  which  he  does 
by  means  of  a  ring  in  the  chain  fixed  at  a  certain  distance.  In  some 
dams  the  chains  have  been  suppressed,  and  the  raising  requires  several 
men  and  is  done  by  a  hook.  On  the  navigable  passes  of  the  Saone, 
in  which  the  trestles  are  13.34  ft.  high,  the  chains  are  fastened  to  the 
down-stream  side,  as  there  is  less  danger  of  catching.  On  these  the 
foot-bridge  is  made  of  pine  panels  0.13  ft.  thick.  Each  one  bears  at 
its  end  on  the  consecutive  trestles.  The  bridge  is  furnished  with  two 
side  rails  which  carry  an  operating  machine  composed  of  a  low  wooden 
platform  supported  on  an  iron  frame  and  running  on  four  cast-iron 
rollers.  This  machine  carries  a  ratchet  windlass  which  serves  to  raise 
the  trestles.  An  open-throated  pulley  is  fastened  to  the  end  of  the 
windlass  rope  and  receives  the  draw-chain  of  the  trestle.  In  moving, 
it  rolls  along  the  foot-bridge,  raising  the  chain  up  so  that  it  does  not 
chafe  the  head  of  the  trestles.  This  carriage  can  take  fifteen  panels 
with  their  bars,  or  it  will  carry  enough  needles  to  fill  a  space  of  32  ft. 
It  is  operated  as  follows :  Starting  from  the  abutment,  the  first  trestle 
is  raised;  for  the  succeeding  ones  it  is  brought  down  to  the  foot-bridge 
and  rolls  on  the  side  rails.  It  is  provided  with  hooks  to  hold  it  firmly 
in  place.  The  dam-keeper  takes  in  his  hand  a  down-stream  bar  and 
the  windlass  pulley  and  walks  to  the  end  of  the  foot-bridge.  He 
places  the  chain  through  the  pulley  and  stands  it  on  the  bridge.  An 
assistant  at  the  carriage  turns  the  windlass  and  raises  the  trestles.  The 
dam-keeper  catches  the  head  with  the  bar  which  he  has  meantime 
fastened  to  the  gudgeon  of  the  last  trestle  raised,  thus  uniting  the  two 
trestles.  He  then  takes  the  panel  of  the  bridge,  fitting  the  corner  irons 
thereof  around  the  corresponding  gudgeons,  and  lets  it  doAvn  by  a  light 
hook.  He  then  fastens  the  panel  hooks  and  places  the  up-stream  bar, 
when  the  bay  is  complete.  The  next  trestle  is  raised  in  the  same  way, 
and  the  carriage  is  not  removed  until  the  load  upon  it  is  exhausted. 
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This  operation  is  carried  ou  ([uickly,  easily  and  without  danger.  It 
also  allows  the  trestles  to  be  placed  3.83  ft.  ajiart.  The  foot-bridge  is 
clamped  by  hooks  to  the  trestle  head  and  restrained  by  notches  cut  in 
the  ends  of  the  corner  irons.  It  is  attached  to  the  neighboring  panel 
by  forks,  which  form  sjilices  and  ensure  a  continuous  rolling  surface 
for  the  carriage.  The  lowering  of  the  trestles  is  accomplished  in  the 
opposite  way.  As  there  is  considei'able  lateral  stress  on  the  trestles 
in  raising  them,  U-irons  have  been  foiind  better  than  T-ii'ons  or  cross- 
irons.  The  U-ii'oii  possesses  a  moment  of  inertia  almost  three  times 
as  gi'eat  as  the  others,  is  easily  rolled,  and  is  well  adapted  to  joining. 
The  weight  of  one  of  the  trestles  of  the  Saone  is  447  lbs. ,  in  the  water, 
and  the  effort  of  traction  necessary  to  commence  raising  the  trestle  is 
356.4  lbs.,  which  necessitates  the  use  of  a  windlass.  In  the  trestles  at 
Port  ^  I'Anglais  the  effort  in  raising  is  1  045  lbs. 

As  to  handling  the  needles  there  is  usually  no  difficulty  in  carrying 
them  by  hand  and  no  danger  except  at  night  or  in  bad  weather.  The 
density  of  red  pine  when  wet  is  about  40  lbs.  joer  cubic  foot.  The 
needles  vary  in  weight  from  4  to  103.5  lbs.,  and  even  the  heaviest  may 
be  carried  by  the  dam-keeper.  However,  the  carriage  before  described 
is  used  to  transport  the  heavier  ones.  To  place  a  needle,  set  it  hori- 
zontally on  the  bar  along  the  line  at  which  the  needles  touch  the  sup- 
porting bar  when  they  are  in  position.  Slightly  incline  the  needle  u]) 
stream,  when  the  ciirrent  will  catch  it  and  carry  it  to  an  upright 
position.  On  some  dams  a  hook  has  been  placed  on  the  needles 
along  this  line  which  is  fastened  over  the  bar,  and  the  needles  car- 
ried into  place  wdth  greater  facility.  Another  method  of  placing  is  to 
take  the  needle  and  plunge  it  vertically  into  the  water,  allowing  the 
foot  to  strike  against  the  sill  and  the  head  against  the  supporting  bar. 
The  removal  of  the  needle  is  done  by  hand  by  giving  it  a  blow  to 
raise  its  head  from  the  sui>i)orting  bar  and  then  lifting  it  quickly. 

The  dam-keeper  ought  not  to  make  an  effort  of  more  than  100  lbs. 
repeated  several  times.  Fortunately,  in  the  case  of  high  lifts  the  level 
of  the  pool  is  very  much  lower  before  it  is  necessary  to  remove  the 
needles.  This  is  accomplished  by  the  use  of  Chanoine  or  Des  Fon- 
taines wickets  on  the  weir.  If  there  are  no  devices  such  as  these,  it  is 
necessary  to  resort  to  machinery  to  lift  the  needles.  At  the  old 
Suresnes  dam  a  windlass  was  employed  on  board  a  boat  to  remove 
all  the  needles,  a  cord  being  passed  around  the  heads  of  all  of  them. 
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One  end  was  fastened  to  the  windlass  on  the  boat,  and  on  turning  it 
the  needles  were  lowered  successively  and  the  floating  line  drawn  up 
to  the  boat;  enough  slack  was  left  between  two  upright  needles  to 
enable  the  first  one  to  be  drawn  away  before  the  next  one  was  started. 
This  method  also  has  the  advantage  of  preserving  the  needles  from 
accident.  Release  by  escapements  consists  of  unfastening  the  sujiport 
bars  of  one  or  several  bays  and  allowing  the  unsui^i^orted  needles  to 
be  carried  away  by  the  current,  where,  having  been  fastened  by  a  cord 
to  a  hawser,  they  are  drawn  to  shore  down  stream.  The  escai^ement 
used  in  France  allows  the  trestles  to  fall  at  the  same  time  the  needles 
are  released,  while  the  method  used  on  the  Meuse  and  in  the  United 
States  allows  the  needles  to  be  carried  away,  leaving  the  trestles  and 
foot-bridge  upright.  There  is  no  reason  why  the  size  of  the  needles 
may  not  be  very  much  increased  under  this  system,  even  beyond  that 
at  present  attained  on  the  Big  Sandy  Eiver  in  America.  It  has,  how- 
ever, the  disadvantage  of  a  high  foot-bridge  and  of  scour  at  the  foot  of 
the  pass. 

The  escapement  method  of  releasing  needles  has  found  but  little 
favor  in  France,  while  wholly  used  in  Belgium,  where  the  lift  is  some- 
what greater.  It  is  a  valuable  appliance,  and  where  ice  or  drift  is 
liable  to  accumulate  against  the  needles,  it  should  not  be  omitted. 

History. — The  develoijment  of  the  Poiree  dam  in  France  and  Bel- 
gium since  its  invention  will  be  the  history  of  that  dam.  It  has  un- 
dergone some  modifications.  As  the  parts  have  increased  in  size,  they 
have  become  complex  and  more  difficult  to  handle.  In  the  second 
dam,  constructed  at  Decize,  the  connecting  bars  were  found  to  expand 
in  summer  and  to  contract  in  winter,  thus  inclining  the  trestles  con- 
siderably out  of  the  perpendicular.  To  obviate  this,  two  sets  of  bars 
were  used,  the  shorter  set  in  the  summer  season.  An  improvement 
was  made  in  the  journal  boxes  by  which  trestles  could  be  more  easily 
jjut  in  when  repairs  were  necessary. 

In  the  first  dam,  erected  at  Basseville,  the  trestles  were  6.56  ft. 
aijart,  but  this  number  was  soon  doubled;  they  were  4.92  ft.  high  and 
3.28  ft.  wide  at  the  base.  They  operated  with  perfect  success.  The 
Decize  dam,  built  in  18.36,  was  328  ft.  long.  The  trestles  Avere  6.23  ft. 
high,  3.28  ft.  apart.  In  the  Epineau  dam,  in  the  Yonne,  erected  in 
1837,  the  trestles  were  6.58  ft.  high  and  3.28  ft.  apart;  the  sill  being 
1.28  ft.  below  low-water  mark.     The  fixed  weir  was  403  ft.  long,  the 
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pass  being  229.6  ft.  long.  The  Marne  dam  (1841)  was  (5.69  ft.  high  as 
to  the  trestles.  The  sill  was  2.62  ft.  below  low  water,  the  weir  was 
1  410  ft.  long,  and  the  pass  158.42  ft.  long.  The  Yonne  dams,  erected 
from  1838  to  1842,  had  trestles  from  7.5  to  7.38  ft.  high.  The  Courbe- 
ton  Dam  (1849),  had  a  pass  123  ft.  wide.  The  trestles  were  8.03  ft. 
high  and  weighed  371  lbs.  each.  This  iijiward  tendency  in  the  height 
of  trestles  has  constantly  gone  on  until  a  height  of  13.12  ft.  was 
reached  in  the  Meiise  dams,  and  15.2  ft.  in  the  United  States. 

Conclusions. — S.  Janicki,  engineer  of  the  Moskva  River,  says  that 
experience  has  proven  the  total  lack  of  basis  of  the  original  jiredio- 
tions  made  by  engineers  that  Poiree  dams  would  be  dangerotxs  and 
unsatisfactory  for  many  reasons.  Nowhere  have  the  sills  been  covered 
with  sand;  nowhere  has  the  bed  of  the  river  been  raised.  It  must  not 
be  forgotten  that  these  dams  are  laid  down  so  as  to  leave  a  free  pas- 
sage for  high  water.  Their  whole  value  is  contained  in  these  words. 
These  dams  are  not  erected  until  after  the  alluvium  held  in  suspension 
has  practically  been  carried  away  and  the  water  has  become  clear. 
The  velocity  of  the  stream  in  high  water  is  sufficient  to  carry  away  all 
such  substances. 

The  following  are  the  words  of  the  Russian  engineer,  Lieutenant- 
Colonel  Palabine:* 

"As  for  the  Poiree  system  of  movable  dams,  a  system  quite 
well  known  among  us,  both  by  the  descriptions  of  it  which  we 
have  and  by  some  application  already  existing,  we  must  confess 
that  it  is  one  of  the  happiest  inventions  of  our  century,  rich  as  it 
is  in  wonderful  inventions.  Indeed  it  is  quite  difficult,  especially 
after  the  well-known  improvements  it  has  received  in  the  past  few- 
years,  to  better  fulfill  the  manifold  requirements  for  an  artificial  nav- 
igation by  means  of  dams  in  rivers  of  variable  levels.  And  it  is  par- 
ticularly on  our  rivers,  whose  banks  are  generally  scantily  wooded, 
that  this  system  is  destined  to  give  remarkable  results.  Most  of  the 
rivers  of  western  Europe  are  fed  by  constant  springs  from  vast  plains; 
ours,  on  the  contrary,  draw  these  waters  from  vast  plains  mostly  des- 
titute of  forests.  We,  therefore,  see  them  almost  run  dry  during  the 
droughts  of  sammer,  and  become  swollen  after  heavy  rains.  Again, 
the  thick  bed  of  ice  with  which  they  are  covered  in  winter,  gives  rise 
to  phenomena  almost  unknown  on  the  rivers  of  western  Exirope.  In- 
undations many  miles  in  width  occur,  and  also  formidable  ice  floods 
which  destroy  every  would-be  permanent  construction  in  the  bed  of 
the  river.     In  France  the  Poiree  movable  dams  are  universally  ap- 

*  Journal  of  the   Central   Administration   of  Transportation    Routes  and  Public 
Buildings,  Vol.  xii,  page  21. 


450  THOMAS  ON  MOVABLE  DAMS. 

proved,  and  are  there  in  general  use  for  the  canalization  of  rivers. 
Here,  in  Russia,  their  inauguration  on  the  canal  from  the  Dneiper  to 
the  Boug  made  an  epoch  in  the  history  of  the  improvement  of  our 
river  navigation,  a  navigation  of  the  greatest  importance  for  the  eco- 
nomical welfare  of  our  country,  whose  vast  system  of  rivers  is  in  a 
great  measure  destitute  of  water  during  the  summer  season." 

In  Vol.  XV,  1868,  Annales  des  Fonts  et  Chaussees,  M.  Saint  Yves, 
Ingenieur  des  Fonts  et  Chaussees,  says  in  reference  to  the  Foiree  Dam: 

"At  the  Martot  dam  the  trestles  are  11  ft.  high.     The  first  needle 
dams  were  joined  to  permanent  dams  raised  to  the  level  of  the  upper 
pool  and  regulating  it;  as  the  lift  was  increased  this  became  imprac- 
ticable and  the  regulation  of  the  pool  was  accomplished  by  spacing 
the  needles.     There  is  no  excessive  labor  required  of  the  dam-tender 
and  his  assistant.     They  can  carry  two  needles  at  a  time,  each  weighing 
not  to  exceed  35  lbs.     The  placing  of  the  needles  is  neither  difficult 
nor  dangerous.     The  needle  seldom  misses  the  lower  sill  and  when  it 
does  the  attendant  will  not  be  carried  overboard  if  he  lowers  his  hand. 
Removing  the  needles  requires  skill  which  is  easily  acquired.     Maneu- 
vers from  a  bridge  are  less  dangerous  than  from  a  boat.     The  bridge 
is  3  ft.  wide  and  firmly  held  in  place  by  claws.     Night  work  is  not 
often  required.     The  partial  opening  of  the  dam  has  never  yet  pre- 
vented a  boat  from  entering  the  lock.     The  dam  is  usually  placed  at 
the  lower  end  of  the  lock.     There  is  less  danger  from  scour  than  in 
any  other  dam  for  the  reason  that  there  is  no  overfall.     Scour  is  to 
be  dreaded  only  in  flood  times.     Since  chains  have  been  taken  oflf  the 
trestles  they  can  be  bedded  easily  by  two  men  and  lie  flat  in  the  recess. 
The  sill  has  been  raised  to  14  ins.  above  the  recess.     As  to  the  charge 
of  unhealthfulness,  this  might  be  said  of  any  dam  whatever  with  equal 
truth.     In  fact  the  needle  dam  is  less  objectionable  on  this  account 
than  any  other,  as  the  removal  of  a  few  needles  will  allow  floating 
bodies  to  pass  through.    He  considers  the  Foiree  needle  dam  the  most 
perfect  for  all-around  purposes  yet  invented.     Every  movable  dam 
ought  to  form  a  connected  body  of  supports  designed  to  sustain  a  face 
for  the  dam,  which  should  be  as  tight  as  possible,  and  which  is  placed 
at  right  angles  to  the  current.     The  axes  of  rotation  should  be  at  the 
bottom  of  the  river  and  should  be  across  the  current  rather  than  with 
or  against  it.     The  Foii'ee  trestles  are  therefore  logically  conceived 
and  are  also  a  natural  support  for  the  bridge.     In  systems  whose  axes 
of  rotation  are  at  right  angles  with  the  current  the  foot-bridge  idea  is 
entirely  lacking,  and  this  must  be  an  independent  construction.     The 
Foiree  needles  were  as  small  as  jiossible  in  order  to  reduce  the  labor 
of  maneuvering.      The  pressure  is  in  direct  ratio  to  the  surface  of  the 
needle.     It  is  in  accord  with  the  enlightened  judgment  and  perspi- 
cacity Avhich  characterize  M.  Foiree's  system  that  the  dimensions  of 
the  needles  were  reduced  as  much  as  possible." 
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M.  de  Lagrene,  formerly  of  the  French  Corjis  of  Engineers,  sums 
up  the  following  objections  to  needle  dams: 

"1.  Difficulty  in  placing  and  removing  needles  when  the  trestles 
are  higher  than  8  ft. 

"  2.  Danger  to  the  men  obliged  to  work  on  the  narrow  foot-bridge, 
which  danger  increases  with  the  weight  of  needles  and  the  difference 
of  level. 

"3.  Scour  at  the  foot  of  the  pass;  that  is,  at  the  foot  of  a  delicate 
and  costly  work  and  which  is  to  be  dreaded  in  proisortion  to  the 
amount  of  the  fall. 

"4.  Currents  near  the  head  of  the  locks  or  near  the  channels  for 
navigation,  where  there  is  but  one  pass. 

"5.  Continual  watchfulness  at  certain  times  and  danger  of  sub- 
mersion. 

' '  6.  Difficiilty  of  accurately  bedding  the  trestles  when  they  are  high. 

"  7.  Unhealthfulness  produced  by  the  stoppage  of  floating  bodies. 

"8.  If  a  long  and  permanent  weir  is  connected  with  the  dam  the 
danger  of  submersion  or  of  scour  diminishes,  but  the  cost  is  greatly 
increased." 

Needle  Dam  in  Brazil. — M.  de  Teive  e  Argollo,  M.  Am.  Soc.C.  E.,  has 
furnished  the  author  a  drawing  and  description  of  a  needle-dam  in  the 
river  Piabauha  at  Petropolis,  Brazil,  belonging  to  the  Cascatinha 
Cotton  Mills.  This  dam  closely  resembles  the  first  Poiree  dams  built, 
but  has  one  distinct  improvement.  This  is  the  handles  of  the  needles, 
which  are  straps  of  iron  bent  over  the  heads  and  bolted  through  from 
the  upper  to  the  lower  side.  The  trestles  are  spaced  3.28  ft.  between 
centers  and  are  7  ft.  high.  The  needles  are  1.97  ins.  by  3.55  ins.  and 
7.87  ft.  long.  It  also  differs  from  other  dams  in  that  the  sill  is  not 
sloped  to  fit  the  incline  of  the  needle,  the  latter  touching  it  at  the 
top  only. 

In   BEIiGITJM. 

There  are  twenty-seven  needle  dams  on  the  Belgian  Meuse  which 
comprise  the  principal  improvements  and  modifications  made,  up  to 
the  date  of  their  construction,  1875-8.  The  description  here  given  is 
taken  from  a  memoir  published  by  the  chief  engineer  of  the  system, 
the  late  Martial  Hans,  in  1880,  entitled  "  Memoire  sur  les  Travaux  de 
Canalisation  de  la  Meuse  entre  Namur  et  la  Frontiere  Franfaise,''  kindly 
furnished  the  author  by  J.  Hans,  son  of  the  engineer. 

General  Description. — The  works  include  a  lock  and  a  movable  dam 
composed  of  a  navigation  pass  and  weir  separated  by  a  pier.     Some  of 
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the  dams  are  located  above  the  lock  and  ai-e  counected  with  it  by  a 
paved  dike,  while  others  joia  directly  to  the  lock  wall.  The  locks  are 
410  ft.  long  from  out  to  out  and  have  a  clear  width  of  39.33  ft.  and  an 
available  length  of  328  ft.  The  depth  of  water  on  the  lower  miter  sill 
is  6.9  ft.  The  upper  and  lower  sills  are  on  the  same  level.  The  navi- 
gable pass  consists  of  a  floor  of  masonry  and  concrete,  surmounted  by 
iron  trestles  and  wooden  needles,  and  is  150  ft.  in  length.  Its  sill  is 
placed  2  ft.  below  low  water,  generally.  The  weir  is  179  ft.  long  and 
has  its  sill  2  ft.  higher  tlian  that  of  the  pass.  The  floor  is  of  masonry 
and  concrete,  and  su2>p()rts  wickets  maneuvered  from  a  foot-bridge. 
When  up  these  works  pi'oduce  a  pool  10.17  ft.  above  the  pass  sill. 

In  those  dams  situated  above  the  lock  and  connected  therewith  by 
an  earth  and  gravel  dike,  paved  all  over  with  stone,  there  is  at  the 
end  of  the  pass  an  abutment  of  masonry  and  concrete.  It  is  25^  ft. 
long  and  16^  ft.  wide  and  stands  13|-  ft.  above  the  sill. 

Treaties. — Trestles,  movable  around  a  lower  axle  jiarallel  to  the 
current,  and  placed  3.93  ft.  center  to  center  and  standing  11.48  ft.  high 
from  the  floor  to  the  under  side  of  the  collar  of  the  movable  bar,  con- 
stitute the  framework  of  the  pass.  They  are  8.36  ft.  wide  at  the  base 
and  4. 76  ft.  at  the  top.  The  frame  thus  formed  is  of  welded  wrought- 
iron  bars,  a  double  brace  of  the  same  kind  of  iron  held  in  the  frame 
by  horizontal  binding  pieces  and  reaching  from  the  bottom  of  the 
down-stream  post  to  the  top  of  the  up-stream  jjost,  serving  to  make  it 
rigid.  This  brace  is  held  at  the  bottom  by  a  piece  of  thin  iron  bent 
around  the  axle  and  bolted  at  the  top  by  two  recessed  and  swelled  con- 
nections firmly  joined  by  means  of  a  quoin  fitting  between  the  cap  of 
the  trestle  and  the  top  of  the  brace  and  fastened  by  a  bolt.  The  frame 
proper  is  surmounted  on  the  up-stream  side  by  a  hollow  tube  and  on 
the  down-stream  side  by  an  iron  post,  each  of  which  is  19.70  ins.  high 
and  is  attached  to  the  trestle.  The  axle  which  supports  the  floor  of 
the  service-bridge  connects  these  uprights,  thus  raising  its  height  to 
13.12  ft.  above  the  masonry  and  19.70  ins.  above  the  water  in  the 
upper  pool.  The  weight  of  the  trestle  as  just  described,  without 
floor,  or  escape  bar,  or  chains,  is  800  lbs. ;  the  floor  weighs  200  lbs.  and 
the  bar  66  lbs.  The  total  weight  including  chains  is  1 108  lbs.  Journal- 
boxes,  in  which  the  axle  of  the  trestle  turns,  are  fastened  to  the  floor, 
the  one  uji  stream  being  let  into  the  sill,  and  held  by  screws  and 
bands,  and  the  one  down  stream  being  bolted  to  the   stone.     They 
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•weigli  70  and  200  lbs.  respectively.  The  lower  box  is  opened  and 
flared  ujawardsto  allow  the  easy  introduction  of  the  journal,  and  closed 
on  the  down-stream  side  by  a  vertical  back  which  receives  the  shock 
of  the  trestle  and  prevents  the  latter  from  yielding  to  the  force  of  the 
water.  A  flat  key  inserted  in  transversal  openings  made  in  the  cheeks 
of  the  box  holds  the  journal  to  its  place,  and  this  key  can  be  placed 
without  the  aid  of  a  diver. 

A  sheet-iron  floor  connects  the  trestles  and  holds  them  rigidly 
together,  revolving  around  a  small  axle  at  one  end,  and  at  the  other 
terminating  in  two  double  claws,  flared  in  the  shape  of  a  deer's  foot, 
which  grasp  the  cap  of  the  next  trestle,  and  are  held  in  position  by 
two  small  keys.  The  floor  is  3.60  ft.  wide.  Connections  are  made 
with  the  pier  and  abutment,  or  lock-wall,  by  bars  similar  to  the  caj) 
pieces  fastened  in  the  masonry.  Maneuvers  of  the  trestles  are  made 
as  follows :  When  it  is  desired  to  lower  them  it  is  sufficient  to  lift  the 
floor  (after  having  removed  the  keys)  and  push  them  toward  the  pier, 
when  the  trestle  will  fall  gently  upon  the  masonry  below,  its  motions 
being  retarded  by  the  action  of  the  water  upon  the  sheet-iron  floor. 
The  raising  of  the  trestle  is  done  by  the  help  of  a  portable  winch;  to 
facilitate  this  maneuver  all  the  trestles  are  connected  by  chains  of 
suitable  lengths  Avhich  are  made  fast  to  the  ends  of  each  jiiece  of 
floor,  and  which  may  be  attached  by  means  of  a  ring  and  toggle  to  the 
middle  of  the  cap  of  the  preceding  trestle.  The  operation  of  raising 
is  begun  at  the  lock  or  abutment  end,  the  winch  being  first  fastened 
to  the  masonry  to  bring  up  the  first  trestle.  When  this  one  is  in 
place,  and  the  floor  properly  attached  to  the  masonry,  the  winch  is 
moved  to  it,  and  the  second  trestle  is  raised,  its  chain  having  been 
brought  to  the  surface  by  the  first  one;  the  operation  is  repeated,  the 
foot  of  the  winch-frame  resting  on  the  cap  of  the  one  that  precedes  it, 
until  all  the  trestles  are  in  place. 

The  chains  used  for  raising  the  trestle  are  divided  into  two  jiarts, 
one  of  which  is  fastened  to  a  trestle  and  the  other  to  the  floor  of  the 
adjoining  trestle.  When  the  ti'estles  are  to  be  lowered,  these  parts 
are  united.  They  are  separated  when  the  trestles  are  standing,  as 
they  would  otherwise  interfere  with  the  escapement  of  the  needles  and 
the  turning  of  the  clamp-bars.  The  escapement  device  (invented  by 
M.  Kiimmer  in  1845)  is  described  as  follows:  At  the  top  of  each  trestle, 
just  above  pool  level,  is  an  iron  bar,  movable  around  a  vertical  axis 
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formed  by  a  tube  welded  on  the  trestle  very  nearly  in  the  prolonga- 
tion of  the  upper  post;  the  other  end  of  this  bar  rests  against  a 
vertical  rest-post  {po/eau-volet)  placed  inside  of  the  tube  of  the  pre- 
ceding trestle;  when  in  this  position  the  movable  bar  forms  the  upjier 
support  of  the  needles  whose  lower  support  is  obtained  from  the  pro- 
jection of  the  sill  above  the  floor. 

The  rest-i)ost,  against  which  the  free  end  of  the  movable  bar  is 
supported,  is  cylindrical  for  the  whole  height  of  the  tube  in  which  it 
is  enclosed,  except  in  the  part  that  corresponds  to  the  end  of  the 
movable  bar;  this  part  is  notched  and  has  the  form  of  a  half-cylinder. 
The  tube  also  is  uotched  so  as  to  leave  a  free  passage  for  the  end  of 
the  bar  of  the  preceding  trestle,  and  the  same  thing,  for  the  same 
reason,  is  true  of  the  rear  end  of  the  collar  of  each  movable  bar. 

The  head  of  the  rest-post,  which  projects  above  the  tube,  is  square, 
and  is  turned  by  a  wrench  when  it  is  desired  to  let  the  needles  go. 
The  movement  in  azimuth  is  limited  to  a  quadrant  by  a  set-^screw 
which  travels  in  a  slot  cut  in  the  tube.  This  screw  prevents  vertical 
movement  of  the  post  also.  The  movable  bar  is  provided  with  a  pro- 
jection on  its  lower  side  which  strikes  the  trestle,  and  limits  its 
rotation  to  90  degrees. 

Tests  of  iron  for  the  trestles  developed  the  fact  that  a  rectangular 
cross-section  is  the  best.  Channel  and  T-irons  were  put  together  in 
various  ways,  but  showed  less  strength.  Those  selected  sustained  a 
force  of  17  638  lbs.  applied  at  the  base  of  the  tube,  and  this  without 
springing  the  frame  permanently  out  of  shape.  The  maximum  normal 
strain  on  the  trestle  is  4  409  lbs. 

Needles. — The  needles  are  made  from  red  Kiga  fir.  They  are  12.3  ft. 
long  and  3|  ins.  uniform  width.  They  are  4|  ins.  thick  at  the  point  of 
maximum  pressure,  and  10  ins.  each  way  therefrom.  They  are  3|  ins. 
at  the  bottom  and  3^  ins.  at  the  toiJ.  The  head  of  the  needle  or  handle 
is  9  ins.  long,  ending  in  a  ball  with  a  view  to  handling.  It  is  provided 
with  an  eye,  through  which  passes  the  maneuvering  rope  which  holds 
all  the  eleven  needles  of  the  bay.  These  eleven  needles  form  a  set 
or  series.  A  knot  in  one  end  of  the  rope  holds  it  in  the  eye  of  the 
first  needle.  The  other  end  is  tied  to  the  down-stream  leg  of  the 
trestle .  The  needles  weigh  each  55  lbs.  and  withstand  a  test  three 
times  as  great  as  that  to  which  they  are  subjected  in  the  dams  of 
maximum  lift. 
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When  it  is  desired  to  remove  tlie  needles  the  rope  of  any  series  is 
attached  to  a  main  hawser  which  is  tied  at  one  end  to  the  pier  or  shore, 
then  the  Knmmer  escapement  is  turned,  allowing  the  needles  of  the 
series  to  escaiae.  They  are  carried  below  the  dam  and  prevented  from 
floating  away  by  the  rope. 

The  needles  are  placed  by  hand.  The  dam-tender  grasps  the 
needle  by  the  head,  slides  it  horizontally  to  the  i^roper  position,  and 
allows  it  to  strike  the  current,  which  carries  it  into  place  against  the 
sill  and  clamp  bar. 

Wickets. — Chanoine  wickets  are  used  on  the  weir.  There  is  a 
trestle  foot-bridge  above  the  wickets  from  which  the  latter  are  raised 
and  lowered  and  the  height  of  the  pool  regulated.  There  are  thirty- 
nine  wickets  7  ft.  4  ins.  high  by  4  ft.  3  ins.  wide.  The  space  between 
consecutive  wickets  is  4  ins.  It  may  be  closed  by  a  board  in  low 
water.  When  up,  the  tops  of  the  wickets  reach  the  level  of  the  upper 
pool. 

The  horse  supporting  the  wickets  is  quadrangular  in  shape  and 
made  of  wrought  iron.  The  upper  and  lower  cross-pieces  extend  be- 
yond the  ujirights,  terminating  in  journals.  The  lower  ones  work  in 
cast-iron  boxes  on  the  sill,  and  the  upper  ones  in  wrought-iron  boxes 
which  are  bolted  to  the  upright  timbers  of  the  wickets  at  a  point 
slightly  above  the  lower  third.  The  cap  of  the  horse  has  two  wrought- 
iron  flanges  through  which  runs  a  bolt  which  joins  the  prop  to  the 
horse.  The  wicket  has  two  axes  of  rotation,  one  at  the  top,  the  other 
at  the  bottom  of  the  horse.  The  prop  rests  against  a  cast-iron  hurter 
when  the  wicket  is  raised.  When  the  prop  is  removed  from  its  sup- 
port, the  pressure  of  water  against  the  wicket  forces  it  to  fall.  It 
lies  flat  and  is  held  a  few  inches  from  the  floor  by  projections  therein, 
and  by  the  prop  and  boxes,  in  order  to  allow  the  tripping  bar  to  work 
under  it. 

The  wickets  in  the  Meuse  are  provided  with  flutter  valves  or  vannes- 
papillmi.  They  are  set  in  the  central  portion  of  the  chase,  and  when 
open  they  form  an  angle  of  45°  Avith  the  wickets.  The  j)urpose  of  these 
valves  is  the  easier  regulation  of  the  pool. 

The  weir  is  lowered  by  an  iron  tripi)iug  bar,  provided  with  projec- 
tions. These  projections  strike  the  props  of  the  wickets  transversely 
in  succession,  forcing  them  aside  from  the  hurters.  The  tripping 
bar  is  operated  by  a  capstan  in  a  well  in  the  pier   or  abutment.     The 
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end  of  the  bar  is  provided  with  a  rack  into  which  the  pinion  of  the 
gearing  works. 

The  wickets  are  raised  from  the  floor  by  a  jiortable  windlass  set  on 
the  foot-bridge.  A  chain  attached  to  the  breach  of  the  wicket  is 
wrapped  around  the  windlass,  turning  the  wicket  around  its  axis  i^util 
the  proj)  drops  into  the  hiirter  (see  "  Chanoine  Wickets,"  for  more 
elaborate  descrij^tion  of  the  foregoing). 

The  wicket  when  upright  is  permitted  to  swing  21°  around  the 
upper  axis.  When  the  water  rises  6  ins.  above  the  normal  level  of 
the  pool,  the  wickets  swing.  They  remain  on  the  swing  until  the  jiool 
falls  sufficiently  to. allow  them  to  right  themselves  or  until  pxalled 
into  place  by  the  hooks  of  the  dam-tender — an  easy  accomjilishment. 
To  prevent  the  accumulation  of  gravel  and  sediment  in  the  trip- 
ping-bar well,  a  flushing  ajiparatus  for  running  water  from  the  upper 
pool  into  the  well  has  been  devised.  It  consists  of  a  4-in.  pipe  built 
into  the  masonry,  provided  at  the  top  with  a  valve,  and  at  the  bottom 
with  an  elbow.  A  grooved  collar  permits  the  elbow  to  revolve  90° 
and  to  reach  all  parts  of  the  machinery  Avith  a  stream  whose  velocity 
forces  the  debris  out  of  the  well. 

Mimeuvers. — To  raise  the  dam  after  spring  rise:  The  trestles  of  the 
pass  are  flrst  raised  when  the  water  has  reached  its  normal  level  or 
about  8  ft.  2  ins.  above  low  water.  Next,  the  trestles  of  the  weir  are 
raised  by  a  windlass.  The  wickets  of  the  weii-  are  now  raised, 
and  kept  on  the  swing  by  fastening  each  chase  chain  to  its  trestle.  As 
the  river  falls,  needles  are  inserted  sufficient  to  maintain  the  normal 
level  of  the  upper  pool,  until  the  whole  dam  is  closed.  The  discharge 
now  overflows  the  weir;  the  wickets  still  being  on  the  swing.  As  the 
stream  falls,  the  wickets  begin  to  right  themselves  spontaneously,  and, 
later,  the  dam-tender  pulls  the  balance  into  place  with  his  boat-hook. 

The  flutter  valves  still  remain  open,  and  as  the  discharge  becomes 
less,  these  are  closed  by  a  pike  pole.  Finally,  the  joints  of  wickets  and 
needles  are  covered;  reducing  leakage  to  a  minimum. 

The  regulation  of  the  jjool  is  done  by  the  flutter  valves  during 
low  water.  When  freshets  run  out,  the  wickets  swing  by  pressure  of 
water  on  the  chase.  The  freshet  continues  until  all  the  Avickets 
swing;  sets  of  needles  are  allowed  to  escape  sufficient  to  keep  the 
pool  at  or  near  its  normal  level.  The  bays  are  removed  in  systematic 
alternation,  to  prevent  scour. 
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When  the  lower  pool  rises  to  within  16  ins.  of  the  upper,  all  the 
escapements  are  turned.  The  trestles  are  let  down,  and  the  wickets 
are  lowered  with  the  tripping  bar.  Last  of  all  the  trestles  of  the  pass 
are  let  down. 

Results. — All  wicket  dams  must  be  lowered  sooner  and  raised 
later  than  those  of  the  Meuse  model.  Thus  the  dams  at  Hun  and  Houx 
on  the  Meuse  were  lowered  twice  between  April  17th,  1877,  and  Nov.  5th, 
1878,  and  they  remained  down  seventeen  days  in  all.  The  all-wicket 
dams  at  La  Plante,  Tailfer  and  Riviere  on  the  Meuse  in  the  same 
period  were  lowered  five  times  and  were  down  one  hundred  and  six- 
teen days.     The  former  is  also  a  tighter  dam. 

The  cost  per  running  foot  will  average  about  $100  for  the  fixed  and 
$40  for  the  movable  parts  for  the  pass,  and  $70  for  the  fixed  part  and 
$75  for  the  movable  parts  of  the  weir. 

Escapements. — The  most  imijortant  improvement  so  far  made  in 
needle  dams  in  Euroi^e  is,  without  doubt,  the  application  to  the 
trestles  of  the  method  of  escapement  of  needles  invented  by  M. 
Kummer,  at  that  time  Chief  Engineer  of  the  Meuse  Improvement  in 
the  Province  of  Liege.  It  has  worked  with  great  satisfaction  for  over 
fifty  years.  By  the  use  of  this  invention  alone  has  it  become  possible 
to  employ  needle  dams  of  high  lift  abroad,  as  it  will  always  be  easy, 
whatever  the  lift  or  the  length  of  the  needles,  to  open  the  dam;  for, 
by  this  system,  it  is  the  jiressure  of  the  water  in  the  upper  pool  which 
makes  the  needles  fall,  and  carries  them  below  the  dam. 

M.  Hans  says  in  this  connection  that,  "although  the  new  dams  in 
actual  use,  or  in  process  of  construction  on  the  Meuse,  above  the 
village  of  Riviere,  create  pools  with  depths  of  10.17  ft.  on  the  sills  of 
the  navigable  jaasses,  which  is  more  than  is  obtained  by  any  needle 
dam  in  France,  we  are  convinced  that  we  have  not  reached  the  limit 
at  which  these  dams  Avill  cease  to  work  properly  and  easily,  providing 
always  that  the  trestles  be  supplied  with  the  Kummer  escapement." 

Increosp.  in  Lift. — In  a  letter  to  M.  Malezieux,  dated  September 
30th,  1876,  the  same  engineer  has  the  following  remarks  to  make: 

"  You  do  me  the  honor  to  ask  if  I  am  convinced  that  a  man,  suit- 
ably chosen  and  exercised,  could  carry  and  place  in  position  needles 
suitable  for  a  pool  of  13.12  ft.  above  the  sill. 

"I  can  answer  this  question  in  the  affirmative.  This  answer  results 
from  the  experience  acquired  in  maneuvering  our  high-lift  trestle 
dams.  These  dams  have,  as  you  know,  an  actual  lift  of  10.5  ft.,  and 
yet  the  needles  of  these  dams  are  carried  and  placed  in  position  with 
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such  a  facility  that  I  am  convinced  that  their  dimensions  could  be 
notably  increased  without  departing  from  practical  conditions. 

"I  will  add  that  needles  for  a  pool  13.12  ft.  have  long  been  in  use 
in  your  country  at  the  old  dam  of  Pontoise.  In  fact,  the  following  is 
from  a  report  of  Chief  Engineer  Kuminer  on  his  investigation  in  1845: 
"  'The  Pontoise  dam  consists  of  (Ist),  a  pass  41  ft.  wide;  (2d)  an 
obliipie,  fixed  part  2G2.4  ft.  long,  reaching  to  the  right-hand  wall  of  the 
pass;  and  (3d)  another  fixed  part  more  up  stream,  and  on  the  right  of 
an  island.  The  pass  walls  are  17.22  ft.  high.  The  floor  at  the  upper 
end  has  a  recess  4.75  ft.  deep.  A  service-bridge  of  two  beams  con- 
nected by  iron  straps,  3.93  ft.  wide,  rests  on  a  sill  fitted  into  recesses 
made  in  the  face  of  the  walls.  This  sill  is  4.1  ft.  below  the  crest  of 
the  walls  and  13.12  ft.  above  the  floor,  a  height  which  corresponds  with 
the  height  of  an  average  rise  m  the  Oise.  Needles  serving  to  close  the 
opening  rest  against  the  up-stream  edge  of  the  service-bridge  and  the 
lower  recess  in  the  floor.  These  needles  are  14.76  ft.  long  and  4.75  ins. 
square.  In  the  upper  part  of  each  needle  is  a  hole.  In  order  to  dis- 
engage a  needle  from  its  points  of  support,  the  lock-keeper  inserts  a 
lever  in  this  hole,  and,  pressing  it  down  on  a  block  of  wood  which  he 
has  placed  on  the  service-bridge,  he  raises  the  needle  until  it  is  re- 
leased from  the  lower  recess  and  is  carried  off  by  the  current.  But, 
as  the  head  of  the  needle  is  retained  by  a  rope,  it  is  brought  back  up 
stream  and  is  there  fixed.  The  opening  is  thus  carried  out,  needle  by 
needle.  The  closing  is  done  by  hand.  The  lock-keeper  employed  in 
December,  1845,  was  one-armed,  and,  nevertheless,  he  made  the  open- 
ing in  25  minutes,  as  regards  the  raising  of  the  needles,  and  the  clos- 
ing in  one  hour.  This  dam  has  worked  perfectly  for  nine  years.  The 
needles  of  the  Pontoise  dam  should  weigh  about  92  lbs.  If  the  pool 
of  13.12  ft.  had  no  counter-pressure  down  stream,  the  needles  of  this 
dam  would  be  strained  a  little  more  than  those  31  ins.  square  used  in  the 
dam  at  Martot  for  a  pool  of  9.84  ft.  This  strain  is  exaggerated  even  for  a 
first-rate  pine,  and  in  such  a  case  it  would  be  expedient  to  increase  the 
section  of  the  needles.' 

"  If  I  had  to  build  a  needle  dam,  with  a  13.12-ft.  pool  and  no  down- 
stream pressure,  I  would  give  the  needles  a  shape  of  uniform  strength 
similar  to  that  I  used  for  needles  in  the  dams  of  Hun  and  Houx. 
These  needles  would  be  15.25  ft.  overall,  including  the  handle;  4t  ins. 
wide  throughout,  and  4|f  ins.  thick  for  a  distance  of  10  or  12  ins.  each 
side  of  the  point  of  greatest  jiressurc.  This  thickness  would  be  re- 
duced to  3||  ins.,  or  even  3^  ins.,  towards  the  two  ends  of  the  needles. 
The  weight  of  such  a  needle  would  be  about  90  lbs.,  and  would  be 
lighter  than  those  that  the  one-armed  lock-keeper  at  Pontoise  handled 
with  ease. 

' '  I  should  add  that  in  a  river  like  the  Meuse  I  would  propose  the  use 
of  needle  dams  with  13.12-ft.  pools,  only  on  condition  that  there  should 


460  THOMAS  ON  MOVABLE  DAMS. 

be  added  a  Avicket  weir  of  sufficieat  length  (spillway)  to  regulate  the 
pool  in  ordinary  conditions  without  making  it  necessary  to  maneuver 
the  needles  too  frequently.  Without  this  condition  I  should  fear  that 
a  needle  dam  of  this  height  would  not  be  tight.  The  trestles,  also, 
should  be  fitted  with  the  Kummer  escajjements,  for  I  do  not  think  it 
possible  by  any  other  means  to  take  out  quickly  enough  needles  4|  ins. 
wide  which  take  the  pressure  from  a  13.12-ft.  pool. 

"  But  I  am  persuaded  that,  with  the  use  of  a  regulating  wicket-weir 
of  suitable  length  and  of  trestles  with  Kummer  escapements,  we  can 
avoid,  even  with  a  13.12-ft.  jjool,  all  the  drawbacks  generally  cited 
against  needle  dams,  and  especially  the  fault  of  leaking.  In  practice 
the  dam  at  Hun  has  a  jjool  of  10.43  ft.,  with  a  down-stream  pressure  of 
from  1.96  to  2.30  ft.,  and  the  screen  of  needles  of  this  dam  is  rendered 
i:)erfectly  tight  by  grass  or  weeds  and  a  thin  coating  of  mud,  which 
the  water  has  brought  down." 

In  the  Umtted  States. 

Oti  Big  Sandy  River. — The  original  purpose  of  this  paper  was  to 
describe  the  new  needle  dam  at  Louisa,  Ky.,  on  the  Big  Sandy  River. 
In  order  to  compare  it  with  dams  of  this  tyjje  abroad,  it  was  necessary 
to  touch  upon  the  Poiree  needle  dams  of  France,  Avhere  they  origi- 
nated and  have  been  extensively  built,  and  of  Belgium,  where  they 
have  been  considerably  modified  and  applied  to  greater  lifts.  A  com- 
parison with  its  principal  comj)etitor,  the  Chanoine  wicket,  then 
seemed  desirable,  so  that  the  scope  of  the  article  widened  as  it  ad- 
vanced. After  this  much  had  been  done,  it  did  not  seem  fair  to  omit 
mention  of  other  tyjoes  of  movable  dams  in  use,  and,  finally,  it  was  de- 
cided to  briefly  take  up  all  forms  ajiplied  or  proposed,  so  far  as 
known;  but  the  chief  object  of  the  jjaper — the  descrijition  of  the  first 
American  needle  dam — has  not  been  lost  sight  of,  and  it  will  now  be 
described  at  considerable  length. 

This  dam  was  completed  and  opened  for  public  use  January  1st, 
1897,  and  has  been  in  successful  operation  throughout  the  past  year. 
Its  design  is  a  radical  departure  from  those  of  Europe  in  many  par- 
ticulars. The  needles  are  very  much  wider  and  heavier,  the  style  of 
trestle  much  lighter,  and  its  construction  much  cheaper,  and  the 
methods  of  operation  of  both  trestles  and  needles  are  entirely  new. 
The  head  of  water  sustained  considerably  exceeds  that  of  any  movable 
dam  of  the  trestle  or  wicket  tyjje  known  to  the  author.  Many  new 
features  of  minor  importance  were  introduced  in  the  design,  most  of 
Avhich  were  for  the  purpose  of  simplifying  the  maneuvers. 
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The  plans  of  the  lock  were  prepared  under  the  direction  of  the  late 
Colonel  William  E.  Merrill  and  Major  James  W.  Cuyler;  the  lock  ma- 
sonry and  part  of  the  stationary  dam  were  built  under  direction  of 
the  late  Major  James  C.  Post;  the  original  j^rojoct  for  a  movable  dam 
was  decided  upon  by  a  board  of  engineer  officers,  consisting  of 
Colonel  William  P.  Craighill,  Past-President  Am.  Soc.  C.  E. ;  Major 
D.  W.  Lockwood  and  the  late  Captain  Thomas  Turtle,  and  the  plans 
were  prejjared  and  the  substructure  built  imder  the  direction  of  Major 
Lockwood.  Later,  a  board  of  officers,  comjJosed  of  Colonel  Amos 
Stickney,  Major  James  F.  Gregory  (since  deceased).  Major  D.  W.  Lock- 
wood,  Captain  Hiram  M.  Chittenden,  and  Lieutenants  W.  E.  Craighill 
and  William  W.  Harts,  Assoc.  M.  Am.  Soc.  C.  E.,  reported  ui^on  cer- 
tain modifications  in  the  plans,  which  seemed  advisable,  and  new 
plans  for  the  superstructure  were  prepared  and  executed  under  the 
direction  of  the  late  Major  James  F.  Gregory.  The  author  has  been 
in  local  supervision  of  the  work  since  its  inception.  In  the  jireiiara- 
tion  of  the  drawings,  calculations  and  translations  of  French  works 
upon  the  subject,  as  well  as  in  the  construction  itself,  the  author  desires 
to  acknowledge  himself  greatly  indebted  to  Messrs.  J.  M.  G.  Watt 
and  D.  A.  Watt,  assistant  engineers. 

The  description  following  is  substantially  a  report*  of  the  author 
to  the  engineer  officer  in  charge,  made  after  the  Avorks  were  com- 
pleted, with  such  omissions  and  additions  as  seemed  advisable,  and, 
while  it  is  quite  long,  yet  it  is  not  seen  where  anything  can  be  omit- 
ted and  still  convey  a  complete  idea  of  the  construction  of  the  works. 
It  is  probably  not  out  of  place  to  state  that  the  author  recom- 
mended a  needle  dam  for  the  pass,  and  wickets  for  the  weir,  and  that 
a  majority  of  the  last  board  reported  favorably  upon  this  combina- 
tion. As  the  first  board  had  recommended  needles  for  the  entire  dam 
and  two  members  of  the  last  board  were  in  favor  of  the  idea,  the  Chief 
of  Engineers,  General  Craighill,  who  had  been  a  member  of  the  first 
board,  and  who  had  given  the  matter  much  thought  and  had  investi- 
gated the  subject  of  movable  dams  thoroughly,  having  been  in  charge 
of  those  on  the  Great  KanaAvha  for  many  years,  decided  upon  needles 
for  both  pass  and  weir. 

There  was  no  precedent  for  this,  but  neither  was  there  for  the  lift 
adopted,  and  if  the  engineers  of  this  country  wait  for  a  precedent,  it 
*  Report  of  the  Chief  of  Engineers,  United  States  Army,  1897,  p.  25»i. 
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is  probable  that  movable  dams  will  continue  to  be  aijplied,  as  they 
have  been  for  fifty  years,  only  to  small  heads. 

LoccUion. — The  lock  and  needle  dam  which  have  recently  been  com- 
pleted and  put  into  operation  on  the  Big  Sandy  Biver,  near  Louisa, 
Ky.,  are  situated  just  below  the  junction  of  the  Levisa  and  Tug 
Rivers,  which,  uniting  at  this  jjoint,  form  the  Big  Sandy,  which 
empties  into  the  Ohio  26  miles  north  of  the  junction.  The  Levisa  is 
navigable  by  steamboats  during  a  good  part  of  the  year  for  a  distance 
of  100  miles,  and  the  Tug  for  60  miles.  Beyond  these  points  (and  all 
along  these  streams  during  low  water)  push-boat  navigation  is  usually 
carried  on,  so  that  it  may  be  said  that  there  is  generally  a  means  of 
transportation  for  local  freights  throughout  the  year,  except  in  periods 
of  extreme  low  water,  which  are  usually  of  short  duration. 

Gkarac/er  of  River. — These  two  streams  with  their  various  tribu- 
taries traverse  a  mountainous  territory,  the  soil  of  which  is  greatly 
impregnated  with  sand,  which  conditions  are  favorable  to  frequent 
and  sudden  freshets  carrying  large  quantities  of  sediment  and  debris, 
which  often  become  a  source  of  trouble  and  danger  to  navigation, 
particularly  on  the  Big  Sandy  itself,  where  the  backwater  from  the 
Ohio  reduces  the  velocity  of  the  current,  and  causes  the  formation  of 
sandbars  and  snags.  The  steep  slope  and  the  porous  nature  of  the 
soil  are  unfavorable  to  the  retention  of  water  for  the  dry  season,  and 
the  low- water  discharge  becomes  quite  small.  The  system  of  regula- 
tion and  maintenance  by  which  these  streams  are  made  navigable  for 
a  portion  of  the  time,  is  insufficient  for  the  increasing  demands  of 
commerce,  and  it  is  only  by  canalization  that  they  can  be  rendered 
even  fairly  satisfactory,  and  even  then  evaporation  and  leakage  may 
partially  defeat  the  objects  in  view. 

Conditions  to  be  Sniisfied. — The  greater  portion  of  the  present  com- 
merce is  timber,  either  in  rafts,  crossties,  staves  or  spokes.  There  is 
a  large  undeveloped  coal  field  which  it  is  exjiected  will  greatly  increase 
the  river  trade,  and  the  principal  object  of  the  improvement  instituted 
by  the  construction  of  this  dam,  is  for  the  transportation  of  this  coal 
to  the  Ohio,  where  it  can  find  a  mai'ket.  In  determining  the  character 
of  dam  to  be  built  it  was  necessary  to  consider  the  present  and  pros- 
pective demands  of  this  commerce.  To  construct  a  stationary  dam 
would  make  it  imperative  for  everything  to  pass  through  the  lock. 
This  would  be   most  injurious   to  the   timber   interests.     There  are 
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times  when  rafting  tides  are  infrequent,  and  hundreds  of  rafts  are 
awaiting  sufficient  water  to  reach  the  Ohio.  Even  when  the  long 
delayed  rise  comes,  it  may  be  of  short  duration.  In  such  cases  a 
delay  of  a  few  days  at  the  lock  might  mean  the  failure  to  reach  the 
markets  along  the  Ohio  and  Mississii)pi  during  a  whole  season.  The 
same  argument  applies  to  the  transportation  of  coal  in  barges.  The 
formation  of  a  pool  will  give  ample  depth  of  water  in  which  to  load 
the  coal  as  fast  as  mined,  and  a  safe  harbor  for  holding  the  barges. 
It  is  then  ready  to  go  out  to  the  Ohio  whenever  there  is  the  necessary 
depth  below  the  dam.  There  are  many  summer  rises  wherein  this 
depth  only  lasts  a  short  time,  and  should  it  be  necessary  to  jjass  the 
barges  through  the  lock,  the  delay  in  so  doing  might  sometimes  pre- 
vent their  shipment  as  well  as  retard  rafts  awaiting  lockage.  Another 
difficulty  to  be  overcome  was  the  accumulation  of  sand  in  the  quiet 
water  of  the  pool.  Should  bars  form  at  points  where  the  dejjth  of 
water  was  already  barely  sufficient  for  the  requirements  of  navigation, 
the  improvement  would  be  worse  than  useless.  The  great  amount  of 
drift  afloat  on  evei'y  side  also  rendered  it  probable  that  snags  would 
readily  foi'm  in  the  jjool  and  endanger  the  safety  of  navigation. 

Original  Plan  of  Improvement. — The  original  jjroject  was  for  a 
masonry  lock  with  a  fixed  dam  made  of  timber  cribs  filled  with  stone, 
such  as  are  built  on  many  small  rivers.  The  project  and  the  causes 
leading  to  its  adoption  are  thus  given  by  Major  Wm.  E.  Merrill,  Corps 
of  Engineers,  U.  S.  A.* 

"A  great  deal  of  good  to  the  rafting  interests  can  be  done  by  a 
continuance  of  the  present  method  of  improvement,  but  no  radical 
improvement  is  jiossible  withoiit  the  construction  of  locks  and  dams. 
The  large  deposits  of  excellent  coal  on  this  river  will  undoubtedly  at 
some  day  lead  to  the  establishment  of  a  system  of  slack  water  in  order 
to  bring  it  to  market. 

"The  amount  of  shifting  sand  that  continually  flows  down  the  Big 
Sandy  indicates  beyond  all  doubt  that  the  only  way  to  secure  a  per- 
manent improvement  is  by  the  construction  of  movable  dams,  com- 
mencing at  the  mouth  and  extending  upwards  to  points  where  the 
moving  sands  have  become  manageable.  If  jjermanent  dams  are  built 
in  the  lower  river,  the  sand  deposits  will  ultimately  reduce  the  depths 
available  for  navigation,  but  with  a  succession  of  such  dams  there  will 
be  such  a  reduction  of  slope  in  the  pools  as  will,  in  spite  of  the  sands, 
maintain  in  the  channel  a  greater  depth  than  is  now  found  in  the 
natural  river  during  the  season  of  low  water.  In  other  w^ords,  per- 
*  Report  of  the  Chief  of  Engineers,  1879,  p.  1354, 
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manent  dams  will  notably  improve  navigation  when  first  built,  and 
this  improvement  will  gradually  diminish,  but  the  ultimate  depth  for 
navigation  will  always  be  greater  than  it  is  now,  and  to  this  extent  the 
imjirovement  will  be  permanent. 

"  If  movable  dams  are  built,  all  danger  from  deposits  of  sand  is  re- 
moved, because  the  river  will  be  as  free  during  all  stages  of  over  6  ft. 
as  it  is  now,  and  the  sands  will  be  washed  down  stream  just  as  they 
are  now.  The  only  objection  to  the  immediate  construction  of  mov- 
able dams  is  that  they  are  much  more  costly  per  foot  lift  than  fixed 
dams.  The  greatest  lift  from  pool  to  pool  at  present  (1879j  practicable 
with  a  movable  dam  is  6  ft.,  while  10  or  even  12  ft.  is  not  excessive 
with  a  fixed  dam. 

"  The  method  which  I  would  recommend,  in  view  of  all  the  circum- 
stances connected  with  this  river,  is  to  build  a  series  of  fixed  timber 
dams  with  masonry  locks,  with  a  view  of  ultimately  turning  the  fixed 
dams  into  movable  ones. 

"  To  accomplish  this  I  would  take  12  ft.  as  the  lift  of  each  fixed 
dam.  This  would  make  it  necessary  when  these  dams  were  made 
movable,  to  interpolate  a  new  movable  dam  between  each  pair  of  trans- 
formed dams.  If  this  system  were  carried  out,  when  it  became  neces- 
sary to  make  the  changes  we  would  only  lose  the  cost  of  the  timber 
dams,  as  the  masonry  locks  would  be  used  in  connection  with  the 
movable  dams.  The  total  cost  of  the  system  would  be  only  slightly 
increased,  and  we  would  have  the  advantage  of  the  immediate  use  of 
the  cheaper  system,  and  the  additional  advantage  of  testing  by  actual 
experience  whether  or  not  fixed  dams  would  answer,  or  which  of  them 
would  answer  and  which  would  not. 

"  The  special  commerce  on  the  Big  Sandy  that  now  needs  assist- 
ance is  coal  mining,  an  interest  that  fully  deserves  national  aid,  as  the 
whole  country  along  the  Ohio  and  Mississippi  is  interested  in  having 
cheap  and  reliable  supplies  of  coal.  The  ^jresent  greatest  drawback 
to  coal  mining  on  the  Big  Sandy  is  the  lack  of  any  pool  of  deep  water 
in  which  loaded  barges  can  be  stored  during  low  water.  The  first 
work,  therefore,  that  should  be  undertaken  is  the  creation  of  a  pool 
that  will  be  a  benefit  to  the  mining  interests,  and  to  as  many  others  as 
can  be  accommodated. 

"It  is  evident  that  the  jiroper  place  for  this  dam  is  just  below  the 
junction  of  the  two  forks  of  the  Big  Sandy  and  in  the  vicinity  of  the 
town  of  Louisa." 

Work  under  this  project  was  begiin  in  1883  and  carried  forward  at 
intervals  under  various  small  approin-iations  for  several  seasons,  re- 
sulting in  the  completion  of  the  lock,  abutment  and  part  of  the  fixed 
dam,  when,  in  1891,  the  project  for  a  fixed  dam   was  abandoned  and 

that  for  a  movable  dam  substituted^* . 

*  Report  of  Chief  of  Engineers,  1892,  p.  2102. 
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Modified  Plan  of  Improvement. — It  was  these  special  and  difficult 
conditions  which  in  the  first  place  caused  the  project  for  a  stationary 
dam  to  be  abandoned,  and  in  the  second  place  led  to  the  modifications 
in  the  plans  of  the  movable  dam  after  consideralde  i)rogress  bad  been 
made  on  its  construction.  The  resvilt  is  that  the  Avorks  as  finally  com- 
pleted do  not  present  that  unity  of  app(\T,rancc  which  should  be  ex- 
pected of  a  structure  built  on  original  plans,  and  the  cost  has  been 
greatly  increased  by  the  numerous  alterations  and  delays. 

The  plan  of  improvement  as  finally  agreed  upon  was  a  lock  of  the 
ordinary  pattern  and  a  movable  dam  with  a  navigable  pass  having  13 
ft.  on  its  sill  and  a  weir  having  7  ft.,  both  closed  by  needles  sup2)orted 
against  trestles. 

Choice  of  a  System  of  Movable  Dams. — In  choosing  a  system  of  mov- 
able dams  which  would  most  nearly  satisfy  all  the  conditions  found 
upon  this  river,  a  study  was  made  of  existing  works  of  like  character 
in  this  country  and  abroad.  The  navigable  rivers  of  France,  with  a 
single  excei^tion,  the  Rhone,  are  improved  with  movable  dams,  several 
systems  being  in  use.  The  needle  dam  of  Poiree  and  the  wicket  of 
Chanoine  are  the  two  principal  types,  however,  but  the  Desfontaines 
drum-wicket,  the  Girard  hydraulic  shutter,  the  Boule  gate  and  the 
Camere  ciirtain  ai'e  all  in  use,  as  is  also  a  type  known'as  the  overhead 
bridge  dam  in  which  all  the  sujsports,  when  not  in  use,  are  i^ulled  ujj 
to  a  bridge  spanning  the  stream.  In  this  form  of  dam,  curtains  are 
used  for  holding  back  the  water,  although  other  means  of  closing  may 
be  used. 

In  Belgium  the  needle  dam  is  in  favor,  and  has  been  greatly  im- 
l)roved  over  those  in  France.  In  Russia,  quite  an  extended  application 
of  the  Boule  gate  has  been  made,  and  needle  dams  are  also  much  liked. 
In  Prussia,  the  overhead-bridge  dam,  with  gates  instead  of  curtains  for 
closing,  has  been  apjilied.  In  Germany,  there  are  some  drum-wickcts 
of  great  size  in  use.  In  the  United  States,  there  was  but  one  type,  the 
Chanoine  wicket,  either  in  the  original  form  or  as  modified  by  M.  Pas- 
queau  at  the  La  Mulatiere  dam  in  France.  The  bear-trap,  the  pioneer 
movable  dam,  and  an  American  invention,  has  been  neglected  so  long 
or  tried  under  such  unfavorable  conditions,  that  it  was  scarcely  men- 
tioned in  the  discussions  of  movable  dams  a  few  years  ago,  although 
it  is  capable,  at  least  with  a  little  assistance  from  another  type,  of  be- 
ing made  successful  on  streams  as  small  as  th«  Big  Sandy,  and  probably 
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for  those  of  much  greater  width.  In  addition  to  the  tj'pes  mentioned, 
several  other  forms  have  been  designed  and  suggested.  Some  of  these 
have  elements  of  promise;  but  as  they  have  had  no  jsractical  application, 
they  were  not  seriously  considered  in  the  study.  In  deciding  between 
the  systems  proposed  or  in  use,  the  following  points  are  to  be  consid- 
ered for  a  dam  at  this  jjoint : 

(1)  The  unprecedented  lift  sustained  (except  on  bridge  dams). 

(2)  The  sudden  and  unexpected  rises. 

(3)  The  great  amount  of  drift  carried. 

(4)  The  unusual  quantity  of  sediment  traveling. 

(5)  The  great  difference  in  level  between  high  and  low  water. 

(6)  The  small  low-water  discharge. 

The  high  lift  was  considered  unfavorable  to  the  use  of  needles;  the 
sudden  freshets  to  any  form  requiring  much  time  for  maneuvers,  like 
the  Boule  gates  or  Oamere  curtains  with  trestles;  the  drift  and 
sediment  to  any  system  having  trestles;  the  height  of  high  water  and 
the  banks  to  bridge  dams  and  the  small  discharge  of  the  river  to 
wicket-dams  of  the  Chanoine  type. 

Bridge  dams  and  gates  and  curtains  being  considered  impracticable 
for  this  location,  at  least  as  constructed  abroad,  and  the  bear-traps 
not  being  looked  upon  with  favor  for  a  river  where  any  dam  is  con- 
sidered more  or  less  an  experiment,  the  choice  was  narrowed  down  to 
the  Chanoine  wicket  or  Poiree  needle,  and  it  was  finally  decided  to 
build  a  needle  dam  sustaining  a  considerably  greater  head  than  that 
which  had  been  attained  in  the  high  needle  dams  on  the  Belgian 
Meuse  or  elsewhere,  so  far  as  known. 

Composition  of  Wo7'ks. — With  the  foregoing  general  remarks  upon 
the  location,  conditions,  plans  and  projects,  a  more  complete  descrip- 
tion of  the  details  of  the  various  parts  of  the  works  will  now  be  given. 

The  works  as  constructed  comjirise  the  following: 

A  lock  in  the  right  or  West  Virginia  bank,  52  ft.  wide,  255  ft.  long 
over  all;  a  navigation  pass,  next  the  lock,  130  ft.  long;  a  weir,  140 
ft.  long,  separated  from  the  navigation  pass  by  a  pier  12  ft.  wide  and 
terminating  in  an  abutment  17  ft.  6  ins.  wide  in  the  left  or  Kentucky 
bank. 

The  total  length  of  foundation  masonry,  including  the  width  of  lock 
chamber  and  walls,  and  omitting  wing  walls,  is  aboixt  400  ft.,  or  about 
the  original  width  of  the  river  at  the  level  of  the  top  of  the  lock  walls. 
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Loclc. — Tlie  lock,  which  is  of  sandstone  masonry,  the  stone  being 
taken  from  local  quaiTies,  is  255  ft.  in  length,  with  a  distance  between 
quoins  of  190  ft.,  and  is  52  ft.  in  width.  The  walls  stand  21  ft.  above 
the  lower  miter-sill  level.  The  chamber  faces  of  the  lock  walls  are 
vertical  and  cradle-faced;  the  outer  faces  are  "stepped"  at  each 
course  and  are  of  pitch-faced  masonry.  The  ends  are  also  of  pitch- 
face,  and  are  vertical.  The  bases  of  the  land  wall,  and  of  that  part  of 
the  river  wall  adjacent  to  the  chamber,  are  15  ft.  wide,  and  those  parts 
of  the  river  wall  about  the  gates,  and  above  the  upper  gate  and  below 
the  lower  one,  have  a  base  of  21  ft.  The  coping  along  the  chamber  is 
7  ft.  6  ins.  on  each  wall,  while  on  the  larger  portion  it  is  15  ft.  6  ins. 
on  the  river  wall,  and  15  ft.  on  the  land  wall.  Wing  walls  project  from 
each  end  of  the  land  wall  into  the  bank. 

The  lower  miter-sill  was  placed  9  ins.  below  the  low-water  mark  of 
1883,  and  the  upper  one  2  ft.  above  the  lower.  The  gates  are  of  wood, 
of  the  miter  pattern,  and  are  operated  by  hand.  The  cost  of  the  lock, 
including  everything  properly  chargeable,  was  S120  371.81. 

Dam. — The  successful  working  of  a  movable  dam  depends  to  a  con- 
siderable extent  upon  the  height  of  its  sill  and  the  length  of  its  water- 
way; that  is,  the  fixed  parts  should  cause  very  little  fall  over  their 
crests  when  the  movable  parts  have  been  taken  out ;  otherwise  naviga- 
tion will  be  interfered  with  at  the  stage  just  j)receding  that  which 
necessitates  the  raising  of  the  dam. 

The  dam  at  this  place  is  divided  by  a  jiier  into  two  parts,  the 
navigation  pass  and  the  weir.  The  purpose  of  the  former,  as  its  name 
implies,  is  to  accommodate  navigation,  while  that  of  the  latter  is  for 
the  passage  of  surplus  water.  The  pass  is  130  ft.  long  with  its  sill 
about  1  ft.  below  the  low-water  line  of  recent  years,  and  at  the  low- 
water  mark  of  1883.  The  weir  is  140  ft.  in  length,  and  its  sill  is  6  ft. 
above  that  of  the  pass.  The  normal  height  of  the  pool  is  13  ft.  above 
the  pass  sill. 

Fixing  the  Dimensions. — The  considerations  which  led  to  the  adop- 
tion of  the  dimensions  given  to  the  parts  of  this  dam  are  set  forth  in 
a  partial  report  made  by  Major  T>.  AV.  Lockwood  to  the  Chief  of  Engi- 
neers, dated  March  1st,  1893,  an  extract  from  which  is  as  follows : 

"  As  the  Big  Sandy  is  subject  to  sudden  changes  and  to  rises  of 
various  heights,  which  frequently  run  out  in  a  very  short  time,  it  is 
important  that  the  character  of  the  construction  of  the  dam  be  such 
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that  it  can  be  operated  rapidly  and  within  certain  limits  as  to  rises, 
without  interruption  of  communication  between  the  banks. 

"  The  dams  on  the  Meuse  have  foot-bridges  raised  18  ins.  above  the 
normal  level  of  the  pool,  so  that  a  slight  rise  will  not  flood  it,  and 
thus  cut  off  communication  across  the  river.  These  dams,  however, 
have  the  pass  fully  closed  by  needles,  the  weir  being  furnished  with 
Chanoine  wickets.  This  plan  would  hardly  work  on  the  Big  Sandy, 
as  the  low- water  discharge  would  not  be  sufficient  to  sui^jjly  the  leak- 
age, even  with  the  joints  between  the  wickets  covered;  at  certain  stages, 
also,  there  is  considerable  drift  in  the  stream.  And  this  would  not 
pass  by  the  weir  with  the  wickets  en  boscule;  while  in  the  case  of  a  weir 
closed  by  needles,  these  can  be  removed  and  as  many  trestles,  next  the 
abutment,  as  may  be  found  necessary,  can  be  lowered  to  permit  the 
drift  to  pass. 

"  The  type  of  dam  adopted  for  the  Big  Sandy  is  similar  to  that  em- 
ployed on  the  Meuse  for  closing  the  passes.  The  trestles,  however, 
instead  of  being  forged  out  of  iron,  with  a  rectangular  cross-section, 
are  built  of  U-i^on,  joined  by  gussets  and  rivets.  A  different  escape- 
ment for  the  bar  supporting  the  upper  ends  of  the  needles  has  also 
been  adopted.     The  trestles  are  sjaaced  4  ft.  apart  between  centers. 

"  The  dam  is  divided  into  two  parts,  separated  by  a  jjier:  the  navi- 
gable pass,  through  which  the  commerce  of  the  river  will  pass  when 
the  natural  stage  is  sufficiently  high,  its  sill  being  placed  at  or  below 
the  level  of  the  highest  natural  obstruction  in  the  river,  and  the  weir, 
the  sill  of  which  is  placed  considerably  higher  than  that  of  the  pass. 
One  of  the  functions  of  the  latter  is  to  carry  off  the  surplus  water,  be- 
yond what  is  required  to  maintain  the  pool,  at  least  for  stages  up  to 
the  one  at  which  the  natural  river  is  navigable,  and  when  the  dam  can 
be  lowered  entirely. 

"  In  determining  the  length  of  sill  of  pass,  the  conditions  that  de- 
termine it  are,  that  it  shall  present  an  opening  that  can  be  readily  run 
by  rafts  and  tows  of  the  kind  that  can  navigate  the  Big  Sandy 
descending,  and  steamboats  going  up  stream,  while  considerations  of 
economy  require  that  it  shall  be  as  short  as  possible,  consistent  with 
the  service  required  of  it. 

"  To  satisfy  the  first  condition,  it  is  thought  that  the  pass  should 
have  an  opening  of  130  ft.  During  the  season  of  1891,  the  lowest  water 
recorded  was  1.25  ft.  above  the  low-water  level  at  the  time  the  lock 
was  built,  and  the  discharge,  100  cu.  ft.  per  second,  would  indicate  a 
close  approximation  to  lowest  water.  With  the  gauge  reading  1.25 
there  were  from  8  to  10  ins.  of  water  on  the  principal  shoals,  so  it  is 
concluded  that  if  the  sill  of  the  pass  be  placed  at  the  level  of  low 
water,  as  originally  determined,  or  0.75  ft.  above  the  lower  miter-sill 
of  the  lock,  it  will  satisfy  the  condition  of  not  being  an  additional 
obstruction. 
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"  The  elevation  of  the  sill  of  the  pass  being  determined,  as  well  as 
its  length,  the  next  question  to  be  settled  is  the  difference  of  level  be- 
tween the  sills  of  the  pass  and  weir.  As  the  head-bay  and  gate  re- 
cesses would  be  liable  to  sand  up,  and  a  deposit  of  sand  occur  in  the 
partially  dead  water  below  the  lock,  should  the  gates  be  closed  while 
the  pass  is  open,  the  area  of  discharge  through  the  lock  may  be  taken 
into  account  in  the  determination  of  the  height  of  the  sill  of  the  weir, 
as  this  elevation  results  from  a  consideration  of  the  discharge  of  the 
river,  and  the  area  of  discharge  through  the  j^ass  and  lock  uj)  to  the 
stage  which  just  covers  the  sill  of  the  weir,  with  the  conditions  sup- 
posed that  the  swell  head  produced  by  the  partial  contraction  of  dis- 
charge area,  shall  not  be  sufHcient  to  seriously  interfere  with  naviga- 
tion up  or  down. 

"  During  the  season  of  1891.  discharges,  areas  of  discharge,  and 
mean  velocities  were  measured  through  two  I'ises.  The  first  reached  a 
height  of  11.15  ft.,  July  25th,  and  the  second  a  height  of  15.45  ft. 
August  25th. 

'*  The  discharge  and  mean  velocities  deduced  from  observations 
made  during  the  rise  of  August  25th,  taken  on  account  of  its  greater 
range,  and  also  because  the  discharges  for  stages  up  to  the  probable 
elevation  of  the  sill  of  the  weir  are  greater  than  those  obtained  in  the 
first  case,  are  as  follows: 


Stage. 

Discharge. 

Mean  velocity. 

Feet 

per  second. 

Stage. 

Discharge. 

Mean  velocity. 

Feet. 

Cubic  feet. 

Feet. 

Cubic  feet. 

per  second. 

5 

3  318 

2.72 

11 

12  585 

4.06 

6 

4  810 

2.99 

12 

14  338 

4.21 

7 

6  303 

3.21 

13 

15  936 

4.30 

8 

7  750 

3.42 

14 

18  900 

4.64 

9 

9  088 

3.56 

15 

20  850 

4.71 

10 

10  525 

3.72 

15.45 

21  500 

4.70 

"Assuming  a  value  of  0.5  ft.  for  the  swell  head,  the  question  then 
is  to  determine  the  maximum  stage  of  the  river,  the  discharge  corre- 
sponding to  which  will  pass  through  the  pass  and  lock  without  causing 
an  increase  in  depth  of  water  above  the  dam  over  that  below  the  dam 
exceeding  0. 5  ft.  This  will  give  the  elevation  of  the  sill  of  the  weir 
above  the  sill  of  the  pass. 

"  To  determine  this  the  Chanoine  formula  is  used,  to  wit  :  * 

Q  ==  M  {L  H -{-  L'  H')  -/  '2g  {Z  +  h),  in  which  : 

Q   =  discharge  of  river  per  second; 

M  =  constant  depending  on  stage; 

L   =  length  of  pass; 

*  '■'■Canalisation  de  la  jVieuse,"  p.  86. 
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L'  ■=  length  of  weir; 

H  =  height  of  water  below  dam  above  sill  of  pass  =  stage  in  this 

case; 

H'  =  height  of  water  below  dam  above  sill  of  weir; 

v 
A,   =  height  due  to  velocity  of  ajJi^roach  =    — — . 

"For  any  stage  fl^the  discharge  through  the  pass  Avill  be  Q'  =  M 
(130  H)  V  2g  [Z  -{-  hi),  and  through  the  lock  Q"  =  M  [52  {H  —  1.25)] 
\/  2  g  {Z-\-hi),  as  the  upper  miter-sill  is  1.25  ft.  higher  than  the  sill 
of  the  i3ass;  so  that  for  the  pass  and  lock  Q  =  Q'  -{-  Q"  =  M  (182  H  — 

65)  V  ^~9{Z-\-hi).  For  fl"  =  5  ft.,  M  =  .703,  V=  2.72  ft.,  and  the 
equation  becomes  §  =  .703  x  845  x  8.02  x  .784  =  3  735  cu.  ft.,  which 
is  considerably  greater  than  the  discharge  corresponding  to  a  5-ft. 
stage.  Making  H  in  the  formula  equal  to  6  ft.,  iff  becomes  equal  to 
.71,  F=  2.99  ft.,  and  there  results  Q  ^  .71  X  1  027  x  8.02  x  .8  = 
4  678,  for  the  discharge  by  the  lock  and  j^ass  with  a  swell  head  of  0.5 
ft.  Z being  taken  equal  to  0.5  ft.,  and  the  sill  of  the  weir  being  6  ft. 
above  that  of  the  pass,  at  a  6-ft.  stage  the  discharge  over  the  weir  will 
be  L'  X  .45  X  8.02  x  .5i  Taking  L'  equal  to  140  ft.,  the  discharge 
over  the  weir  becomes  equal  to  180  cu.  ft.  per  second,  so  that  the 
quantity  of  water  that  can  pass  the  dam  per  second,  the  lock  gates 
being  open,  without  producing  a  greater  swell  head  than  0.5  ft.,  is 
4  858  cu.  ft.  The  discharge  of  the  river  corresponding  to  a  6-ft.  stage 
is  4  910  cu.  ft.  per  second,  so  that  the  swell  head  corresjjonding  to 
this  discharge  would  be  but  little  in  excess  of  0.5  ft. 

"In  determining  the  length  of  the  weir,  the  following  conditions 
must  be  satisfied:  1st.  The  area  of  discharge  afforded  by  the  weir 
must  be  sufficient,  when  taken  in  connection  with  those  of  the  pass 
and  lock,  to  permit  the  passage  of  discharges  corresponding  to  all 
stages  up  to  the  level  of  the  top  of  pier  and  abutment,  without  causing 
a  greater  swell  head  than  0.5  ft.  2d.  The  discharge  area  of  the  weir 
should  be  sufficient  to  pass  all  discharges  corresponding  to  stages  up 
to  that  at  which  the  natural  river  is  navigable,  without  the  removal 
of  any  needles  from  the  jjass.  It  may  be  stated,  however,  that  the 
second  condition  will  be  satisfied  by  a  length  of  weir  that  will  satisfy 
the  first. 

"  To  determine  the  length  of  the  weir,  the  elevation  of  its  sill  being 
fixed,  the  formula  of  Chanoine,  modified  to  take  into  account  the 
discharge  through  the  lock  is  used,  to  wit : 

"  Q  =  M  \L  H  +  52  (H—1.25)  +  L' H']  V^g  (Z -\- h)  or  sub-stituting 
for  L  its  value  already  determined,  130  ft.,  the  formula  becomes 
Q  =  M  (182  H  —  65  +  L'ir)  ^2g  [Z+h);  making  H  equal  to  7  ft.  H' 
becomes  equal  to  1  ft.,  and  the  formula  becomes  Q  =  M {1  209  -{-  L'} 
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\/2g(Z+h,).     For  a  stage  of  7  ft.  Q=  6  362  cu.  ft.,   M  =  .73,  h,  = 

y2       (3  21')*  J^ 

—  =  ^-^—  -^  =  .160  and  (Z  -I-  Jt.)     =  .812,  whence  Z,'  becomes  equal  to 

129.3  ft. 

"For  higli  stages,  the  formula  of  Chanoine  and  De  Lagrene*  is 

(S-— 1)    1 
used,  to  wit:  Z=1.5  V- -r-r,         — —  in  which  Z  =  swell  head,   F"  = 
/S '-  2  <7 

mean  velocity  before  construction  of  works,  S  =  discharge  area  of 
river  before  construction  of  works,  S'  =  discharge  area  after  con- 
struction of  works  =  L  H  +  L'  H',  and  1.5  is  a  constant  for  cases 
where  the  lock  gates  are  open.  Transforming  the  above  equation  and 
substituting  for  2  g  and  Z  their  values  64.3  and  .5,  respectively,  there 

results  S'  =(       ^'^  ^^     — -  ] .     For  the  highest  stage  observed  if = 
V  32.15  +  1.5  v'2  / 

15.45 ft.,  H'  =  9.45  ft.,  r=  4.7  ft.,  and  -S=  4  576  sq.  ft.,  and  S'  =  L  H -\- 

L'lr  =  S  260  sq.  ft.  =  2  008.5  sq.  ft.  +  9.45  L',  whence  L'  =  132.4  ft. 

"As  the  stage  that  would  just  cover  the  pier  and  abutment  is  16.5  ft., 
it  is  thought  best  to  fix  the  length  of  the  weir  at  140  ft. ,  particularly 
as  the  rises  in  the  Sandy  during  the  summer  are  generally  quite  sudden 
when  the  Ohio  is  apt  to  be  low. 

"  With  the  sill  of  the  pass  at  low- water  level,  and  130  ft.  long;  the  sill 
of  the  weir  6  ft.  above  that  of  the  pass,  and  140  ft.  long;  for  the  8-ft. 
stage  Z  becomes  equal  to  0.53  ft.  for  the  9-ft.  stage  it  is  less  than  0.5 
ft.,  and  when  the  pier  and  abutment  are  submerged  Zwill  not  exceed 
0.5  ft.  appreciably." 

Innovations. — The  arrangements  proposed  in  the  foregoing  report 
were  maintained,  except  that,  instead  of  adopting  the  design  of  trestles 
proposed,  another,  requiring  less  height  of  sill  for  its  protection,  was 
used.  This  form  of  trestle  does  not  superpose,  requires  but  little  depth 
of  recess,  and  has  not  heretofore  been  applied.  This  change  of  plan 
was  brought  about  by  the  discovery  that  the  recess  below  the  pass-sill 
was  constantly  filled  with  sand,  gravel  and  stones,  and  it  was  believed 
it  would  be  impracticable  to  keep  it  sufliciently  clean  to  pro^^erly 
maneuver  the  trestles. 

The  new  form  of  trestle  sujjpresses  the  axle  and  diagonal  bracing  of 
the  old  and  gives  a  decided  inclination  to  the  posts  and  permits  the 
trestles  to  lie  one  within  another  when  down  instead  of  piling  up  on 
each  other  as  in  the  old  form.  Thus  it  is  that  a  sill  of  sufficient  height 
to  protect  one  protects  all,  and  a  very  shallow  recess  answers  the  jiur- 
pose  and  greatly  reduces  the  liability  to  sand  up. 

*  ''Canalisation  de  la  Meuse"  p.  88. 
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The  method  of  maneuvering  the  trestles  was  also  changed  from 
that  in  general  use.  In  the  maneuvers  of  trestles,  as  heretofore  gen- 
erally practiced,  a  chain  is  attached  to  each  trestle  and  a  crab  is  moved 
along  the  foot-bridge,  winding  in  the  whole  length  of  chain  in  order  to 
raise  the  trestle.  At  best  this  is  slow  and  laborious.  The  new  method 
connects  all  trestles  by  a  continuous  chain  Avhich,  when  wound  over  a 
chain-wheel  on  a  crab  located  at  the  lock  wall,  will  successively  bring 
the  trestles  into  position  by  the  winding  in  of  a  very  short  length  of 
chain. 

There  are  several  modifications  in  the  original  designs  of  the  trestles, 
made  with  a  view  to  reducing  the  time  of  maneuvering,  but  they  are  of 
little  importance  and  will  not  be  specially  mentioned  here. 

To  meet  the  unprecedented  conditions  in  a  needle  dam  of  a  depth 
of  pool  of  13  ft.  on  the  sill,  with  very  little  down-stream  pressure  and 
with  the  chance  of  the  head  being  increased  1  ft.  at  times  by  the 
sudden  apj^earance  of  a  freshet  which  might  materially  raise  the 
level  of  the  upi)er  pool  before  the  dam  could  be  lowered,  it  was 
necessary  to  provide  needles  of  much  greater  thickness  and  width 
than  are  in  use  elsewhere.  In  order  to  handle  needles  of  this  size 
the  old  method  of  placing  by  hand  was  out  of  the  question,  and 
it  was  necessary  to  devise  a  new  method.  This  was  accomplished  by 
placing  suitable  machinery  on  a  boat,  which  boat  is  used  as  a  store- 
house for  the  needles  when  not  in  use. 

Character  of  Foundation. — The  dam  is  founded  on  sandstone,  vary- 
ing in  depth  below  low  water  from  3  ft.  at  the  lock  wall  to  24  ft.  at  the 
abutment.  The  material  overlying  this  rock  was  largely  sand  and 
clay,  but  the  part  underlying  the  weir  was  covered  with  a  4-f t.  layer  of 
gravel  and  small  boulders.  The  rock  was  rather  soft  on  top  and  at 
places  shelly  and  filled  with  coal  seams.  The  soft  and  shelly  jjarts 
and  coal  were  all  removed,  and  the  bed  prepared  was  a  fairly  good 
foundation  upon  which  to  build. 

Subatrudia-e. — The  substructure  is  of  concrete  and  sandstone 
masonry.  In  the  pass  it  is  22  ft.  and  in  the  weir  17  ft.  wide  at  the 
coping.  The  jaass  masonry  averages  about  12  ft.  in  height,  and  the 
weir  about  24  ft.  Immediately  overlying  the  bed-rock  is  placed  a 
layer  of  concrete,  varying  in  thickness,  but  averaging  about  4  ft.  On 
this  bed  of  concrete,  and  near  its  up-stream  and  down-stream  edges, 
are  built  two  i)arallel  masonry  walls.     The  space  between  these  walls 
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is  filled  with  broken  stoue  to  withiu  7  ft.  of  the  coping,  and  above  this 
is  concrete,  ami  the  whole  is  coped  at  the  top  to  receive  the  super- 
•structure.  Toward  the  ui)-stream  side  the  masonry  is  raised  and  a  sill  is 
fastened  for  the  support  of  the  needles  and  the  protection  of  the  trestles. 

Trestles. — The  pass  is  closed  by  31  and  the  Aveir  by  34  steel  trestles 
spaced  4  ft.  between  centei-s.  These  trestles  terminate  in  eyes  at  the 
bottom  and  are  connected  to  journal  boxes  by  pins.  The  pass  trestles 
are  15  ft.  2  ins.  high  and  weigh  1  140  lbs.,  and  the  weir  trestles  9  ft. 
8  ins  in  height  and  weigh  920  lbs. ,  and  have  a  base  of  9  ft.  10^  ins.  and  6 
ft.  5  ins.,  resi^ectively.  The  width  on  top  is  3  ft.  8  ins.,  and  the  floor  or 
walkway  is  3  ft.  2  ius.  The  trestle  frame  is  made  of  4-in.  steel  channels, 
weighing  7. 25  lbs.  jjer  foot.  The  up-stream  post  is  single.  The  down- 
stream post  is  made  of  two  pieces,  set  apart  and  trussed.  These  two 
channels  are  close  together  at  the  bottom  and  diverge  toward  the  top, 
so  that  one  of  them  comes  to  the  up-stream  post  at  the  level  of  the 
connecting  bar,  above  which  point  it  is  riveted  to  the  up-stream  jiost, 
and  the  other  goes  to  the  top  of  the  trestle.  They  are  assembled  by 
gusset  plates  and  rivets.  The  frame  thus  formed  is  connected  by  two 
horizontal  braces,  made  of  angle-iron  and  riveted  to  the  outside.  A 
suitable  frame  for  carrying  the  floor  is  also  riveted  to  the  outside  of 
the  main  trestle  head.  The  bar  which  forms  the  upper  sui3port  of  the 
needles,  and  connects  the  trestles  with  one  another  when  all  are 
standing,  is  hinged  vertically  at  the  pool  level,  so  as  to  swing  hori- 
zontally. The  opposite  end  is  formed  into  a  hook,  on  its  up-stream 
side,  which  engages  with  a  lip  or  projection  on  the  next  trestle.  It  is 
held  in  this  position  by  a  crank-shaped  rod,  known  as  the  jack-jjost, 
which  may  be  turned  from  the  walkway  by  a  wrench  when  it  is  desired 
to  let  the  bar  swing  free,  the  hook  end  passing  through  the  space 
formed  by  bending  the  jiost.  When  in  use,  the  jiost  is  held  from  turn- 
ing by  a  latch,  which  is  raised  out  when  the  wrench  is  dropped  over 
the  head  of  the  post. 

The  trestles  are  connected  at  the  top  with  sheet-iron  floors,  hinged 
to  and  falling  with  them.  The  opposite  end  hooks  into  the  next  trestle 
at  two  points,  and  a  latch  moved  by  the  foot  holds  each  section 
in  position.  Thus  the  trestles  are  rigidly  connected  by  two  inde- 
pendent constructions,  and  there  is  still  a  third,  the  maneuvering 
chain.  The  cost  of  the  trestles  and  their  connection  Avith  the  masonry 
Tvas  S3  328.34. 
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In  a  frame  bolted  into  the  head  of  each  trestle  is  a  combined  ratchet 
and  chain-wheel  turning  on  a  horizontal  axis.  Over  this  wheel  a  chain 
passes  fi'om  one  end  of  the  pass  to  the  other;  there  is  also  a  similar 
chain  for  the  weir.  One  end  of  each  chain  is  fastened,  in  the  case  of 
the  pass,  to  the  trestle  nearest  the  pier,  and  in  the  case  of  the  weir,  to 
the  trestle  nearest  the  abutment.  The  other  ends  of  these  chains  are 
wound  on  chain-crabs  located  respectively  on  the  lock-wall  and  on 
the  pier.  By  means  of  a  pawl  dropping  into  the  ratchet,  the  rolling  of 
the  chain-wheel  may  be  stopped,  and  when  this  occurs  the  trestle  is 
attached  to  the  chain  and  the  winding  of  the  crab  will  move  it  as  de- 
sired. For  instance,  it  is  desired  to  lower  the  trestles.  First,  the  sup- 
port bars  are  all  released;  then  the  floor  section  of  the  end  trestle  is 
unhooked  and  the  crab  turned  backward  ;  the  trestle,  being  pushed 
away  by  the  attendant,  pulls  the  chain  as  it  goes  down.  When  it  has 
proceeded,  say,  4  ft. ,  the  j^awl  of  the  next  trestle  is  dropped  by  the  at- 
tendant and  thus  it  becomes  attached  to  the  chain.  The  releasing  of 
the  floor  locks  the  pawl  in  the  ratchet  so  that  it  cannot  come  out  while 
the  trestle  is  down. 

To  proceed  with  the  lowering,  the  floor  section  is  again  released 
and  a  second  trestle  starts  down.  As  more  chain  is  unwound,  other 
trestles  are  attached,  and  several  will  thus  be  under  way  simultane- 
ously. To  raise  the  dam  the  chain  is  wound  on  the  crab,  or  rather 
over  a  chain- wheel  on  the  crab,  where  it  falls  into  a  recess  provided  for 
it.  The  first  trestle  (being  the  last  lowered)  is  brought  up,  and  the 
attendant,  standing  on  the  wall,  grasj^s  the  floor,  which  rests  on  the 
chain,  and  raises  it  a  few  inches.  This  raising  depresses  the  op- 
posite end  on  the  jsoint  of  the  pawl  aud  lifts  it  out  of  the  ratchet, 
and  thus  allows  the  wheel  to  turn  and  releases  the  trestle  from  the 
chain.  The  pawl  is  held  out  of  the  ratchet  by  an  automatic  device 
which  drops  under  it.  As  each  trestle  comes  up,  it  is  released  from  the 
chain  by  the  attendant  standing  on  the  floor  of  the  last  one  raised  and 
slightly  elevating  the  end  of  the  floor-section  just  coming  ujj.  The 
floor-section  is  then  hooked  to  the  neighboring  trestle  while  the  crab- 
men  are  winding;  thus  the  entire  maneuver  may  be  performed  -with- 
out stopping  the  crab,  and  the  winding  in  of  4  ft.  of  chain  each  time 
brings  a  trestle  into  place. 

Needles. — The  needles  are  of  white  pine  and  are  12  ins.  in  width. 
The  pass  needles,  14  ft.  3  in.  long,  are  8J  ins.  thick  at  the  bottom  and 
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4^  ins.  at  the  top,  autl  weigh  when  wet  about  263  lbs.  The  weir 
needles  are  8  ft.  3  ins.  long,  3^  ins.  thick  at  the  bottom  and  2.]  ins.  at 
the  top,  and  weigh  about  80  lbs.  All  needles  are  banded  at  the  top 
and  bottom  and  have  iron  handles  at  the  top  for  convenience  in  hand- 
ling, and  suitable  attachments  for  connecting  chains  to  place  and  re- 
move them.  In  the  sides  of  the  pass  needles  a  shallow  groove  is  cut 
in  which  it  is  proposed  to  introduce  strips  of  rubber  should  it  be 
found  necessary  to  prevent  leakage  to  any  considerable  extent.  The 
cost  of  the  needles  was  ^1  303.82.  The  pass  needles  when  not  in  use 
are  stored  on  a  boat  built  for  the  purpose.  This  boat  is  provided 
with  two  overhead  tracks  carrying  trolleys  for  lifting  the  needles  from 
the  piles  and  carrying  them  to  the  end  of  the  boat  when  they  are  to 
be  put  in  the  dam,  and  for  piling  them  when  they  are  to  be  stored.  All 
irons  are  countersunk  so  that  the  needles  lie  flat  on  each  other  when 
Ijiled. 

Drift  Boom. — ^This  river  carries  a  considerable  quantity  of  drift. 
While  this  usually  comes  on  stages  of  water  at  which  the  dam  will  be 
down,  yet  there  are  times  when  it  arrives  in  great  quantities  with  the 
first  indication  of  a  rise.  This  happens  when  a  severe  storm  occurs  in 
some  of  the  neighboring  creeks  and  causes  a  freshet  of  suflScient  force 
to  break  the  tie  and  log  booms  in  the  mouths  of  these  creeks.  This 
drift  is  a  menace  to  the  dam,  and  should  it  come  at  a  time  when  it  was 
necessary  to  lower  the  dam,  it  would  interfere  greatly  with  this  opera- 
tion, if  not  seriously  injure  or  even  destroy  the  trestles.  To  prev^ent 
such  an  occurrence,  a  boom  has  been  built  which  reaches  from  a  point 
some  distance  above,  and  on  the  oppo.site  side  from  the  lock,  to  the 
crib  at  the  river  wall  of  the  lock.  As  the  river  makes  a  iJi'onounced 
bend  at  the  point  of  attachment  of  the  boom,  the  boom  is  little  less 
than  a  prolongation  of  the  shore  above,  and  it  will  readily  guide  the 
drift  into  the  lock,  where  it  can  be  locked  through  or  held  till  the 
dam  has  been  lowered.  In  construction  the  boom  consists  of  four 
parallel  timbers  bolted  rigidly  together  and  having  rudders  at  inter- 
vals of  30  ft.  The  movement  of  these  rudders  is  controlled  by  a  wire 
rope  which  connects  them  all  and  is  wound  on  a  capstan  at  the  ends 
of  the  boom.  Thus,  by  setting  the  rudders  at  any  desired  angle,  the 
boom  can  be  held  out  in  the  stream  at  any  point  required. 

Cost. — The  total  cost  of  the  movable  dam,  including  every  item 
that  should  be  charged  to  the  construction  of  pass,  weir,  pier  and 
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abutment,  was  $73  697. 74,  or  $245. 66  per  linear  foot.     Of  tliis,  the  sub- 
structure cost  $226.48,  and  tlie  superstructure  $19.18,  per  foot. 

Maneuvers. — The  various  operations  required  in  maneuvering  are 
as  follows: 

(a)  Raising  the  trestles. 

(b)  Placing  the  needles. 

(c)  Removing  the  needles. 
(rf)  Lowering  the  trestles. 

An  explanation  of  these  maneuvers  will  now  be  given,  assuming 
that  the  various  parts  of  the  dam  are  understood  from  the  preceding 
description. 

{a)  Raising  the  Trestles. — The  raising  of  the  trestles  may  be  done  in 
two  wavs  :  (1)  by  a  crab  located  on  the  pier  for  the  weir  trestles, 
and  on  the  lock  wall  for  the  i^ass  trestles;  and  (2)  by  a  needle  boat 
anchored  above  and  raising  the  chain  passed  over  a  sheave  and  lead- 
ing at  right  angles  to  the  dam  to  the  drtim  of  the  engine.  Up  to  the 
present  time  the  latter  method  has  been  but  little  employed,  as  a  suit- 
able engine  has  not  been  provided. 

By  the  first  method  the  chain  is  wound  in  by  two  men  at  the 
stationary  crab  on  the  masonry.  The  chain  passes  over  a  sprocket 
wheel  and  drops  through  a  hole  in  the  masonry  into  the  recess  pro- 
vided for  the  pass  trestles  in  the  pier,  and  into  the  manhole  of  the  dis- 
charging culverts  in  the  lock.  As  the  chain  is  wound  in,  it  brings  up 
the  first  trestle  and  starts  others.  When  the  first  trestle  is  nearly 
upright,  the  attendant,  standing  on  the  masonry,  lifts  the  end  of  the 
floor  section,  which  lies  on  the  chain,  a  few  inches,  and  this  movement 
depresses  one  end  of  the  pawl  and  raises  the  opposite  end  out  of  the 
ratchet  on  the  chain  wheel.  When  the  pawl  and  ratchet  are  separated, 
rigid  connection  between  the  trestles  and  chain  ceases,  and  the  at- 
tendant can  handle  the  trestle  at  will  without  the  crabmen  stopping 
the  winding  in.  He'hooks  the  floor-section  into  the  place  provided  for 
it  on  the  masonry,  and  fastens  it  with  a  latch  moved  by  the  foot,  and 
then,  standing  on  the  bridge  thus  formed,  he  brings  the  escape  or  con- 
necting bar  into  jilace  with  a  hook  made  for  the  purpose,  and  turns  the 
jack-post,  which  is  fastened  to  the  masonry,  to  lock  it. 

By  this  time  the  floor  of  the  second  trestle  comes  within  easy 
reach,  and  he  repeats  the  operation  of  slightly  raising  the  free  end, 
which  releases  it  from  the  chain.     He  then  hooks  it  into  the  first 
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trestle  and  latches  it  -nitli  the  foot-latch.  By  a  repetition  of  these 
maneuvers,  the  trestles  are  all  brought  uin-ight  aud  connected  with 
each  other.  When  the  last  trestle  has  been  raised,  a  rolling  bridge  is 
drawn  out  from  a  recess  in  the  masonry  and  connected  ■with  it,  aud 
thus  a  foot-bridge  is  completed  from  one  part  of  the  masonry  to 
another.  It  will  be  observed  that,  by  winding  in  the  length  of  chain 
at  which  the  trestles  are  spaced,  each  trestle  is  brouglit  up.  After  the 
first  one,  which  has  a  sufficient  length  of  chain  to  reach  from  the  top 
to  the  bottom  of  the  masoni-y,  i^lus  the  distance  from  the  masonry 
to  the  head  of  the  trestle  when  down,  the  length  is  generally  4  ft. ; 
that  is,  the  trestles  themselves  are  4  ft.  between  centers,  and,  by 
allowing  8  ft.  of  chain  to  each,  it  is  only  necessary  to  wind  in  4  ft.  of 
this  to  properly  bring  the  trestles  to  position.  The  time  taken  to 
raise  either  pass  or  weir  trestles  is  about  40  minutes. 

(b)  Placing  thf  Needles. — This  has  been  effected  in  two  w-ays,  (1) 
from  the  boat,  aud  (2)  from  the  water  by  a  derrick  on  the  boat.  The 
first  method  was  originally  the  only  one  attempted,  but  exijeriments 
have  proven  the  second  to  be  equally  good  and  with  much  less  work. 

(1)  The  pass  needles  are  stored  on  a  boat,  aud  are  so  constructed 
that  they  lie  perfectly  flat  on  each  other  when  piled,  so  as  to  j^revent 
warping  and  save  space.  Immediately  over  the  piles  of  needles,  on 
each  side  of  the  boat  is  a  susj^ended  track  on  which  travels  a  trolley. 
The  needles  are  all  stored  with  their  heads  in  one. direction,  toward 
the  dam.  At  about  the  center  of  weight  of  each  needle  is  a  ring. 
The  trolley  has  a  sheave  over  which  passes  a  chain  having  a  hook  at 
one  end.  By  placing  this  hook  in  the  ring  of  the  needle,  and  pulling 
down  on  the  fi-ee  end  of  the  chain,  the  needle  will  be  raised  from  the 
pile.  Near  the  hook  is  a  catch  or  claw  on  the 'chain,  the  purpose  of 
which  is  to  hold  the  bight  of  that  part  of  the  chain  pulled  down  in 
raising  the  needle.  Thus,  the  needle,  after  being  raised,  remains  sus- 
pended, and  by  pushing  it  the  trolley  rolls  along  the  track  overhead, 
aud  carries  it  out  to.  the  bow  of  the  boat,  the  free  end  of  the  chain 
lying  idle  on  the  needle.  The  boat  is  jjlaced  so  that  its  bow  is  only 
a  few  feet  up  stream  from  the  trestles,  and  when  the  needle  is  brought 
to  the  end  of  the  track  its  head  projects  over  the  foot-bridge.  Here 
it  is  grasped  by  the  attendant  stationed  on  the  trestles,  and  placed  on 
the  support  bar  along  side  the  last  needle  put  in.  The  trolley  track 
projects  over  the  hull  of  the  boat  several  feet,  so  that  when  the  head 
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of  the  needle  is  in  its  proper  place  on  the  trestles,  the  butt  or  foot  is 
just  at  the  bow.  When  all  is  ready  a  quick  jerk  on  the  free  end  of 
the  trolley  chain  releases  it  from  the  claw,  and  the  weight  of  the 
needle  pulls  the  chain  over  the  sheave.  When  the  needle  strikes  the 
water  the  current  carries  it  against  the  sill,  the  force  of  the  blow 
being  lessened  by  the  men  holding  the  free  end  of  chain,  thus  allow- 
ing it  to  come  to  its  place  gradually. 

When  the  strain  is  oif  the  chain  the  hook  drops  out  of  the  ring, 
and  the  ring  drops  into  a  recess  made  for  it  in  the  needle.  A  stage- 
plank  projects  about  15  ft.  from  one  side  of  the  boat  parallel  with  the 
dam,  so  that  it  is  possible  to  place  about  30  ft.  of  dam,  by  allowing 
the  needles  to  float  out  to  position  without  moving  the  boat. 

As  the  placing  of  the  needles  progresses,  a  swift  current  develops 
around  the  wall  so  constructed,  and  it  is  found  necessary  to  hold  back 
the  needle  being  placed,  in  order  to  prevent  it  from  moving  along  the 
sill.  In  the  latest  maneuvers  the  force  of  the  current  was  broken  by 
a  screen  with  great  satisfaction. 

Fig.  1,  Plate  XV,  shows  the  operation  of  putting  the  needles  on 
shelves  for  simiiltaneoiis  placing.  After  all  the  needles  have  been  so 
placed,  the  throwing  of  a  trigger  will  release  the  shelves  and  they 
will  revolve  and  simultaneously  drop  all  the  needles  into  position. 
Fig.  2,  Plate  XV,  is  a  down-stream  view  of  pass  trestles  and  needles. 
(2)  In  the  second  method,  the  needles  are  left  in  the  river,  instead 
of  being  stored  on  a  boat,  and  are  lifted  from  the  water  by  a  light 
derrick,  operated  by  steam  or  hand,  on  the  needle  boat,  and  placed 
vertically,  either  on  swinging  shelves  susisended  on  the  up-stream  side 
of  the  trestles,  or  on  a  suitably  constructed  frame  resting  on  the  sill 
at  the  bottom. 

In  placing  the  needles,  every  fourth  one  is  put  in  its  proper  place 
against  the  sill  instead  of  on  these  shelves  or  frames.  These  act  as 
guides  to  the  others  when  they  are  let  into  the  water,  and  the  shelves 
or  frames  themselves  prevent  the  needles  from  being  carried  down 
stream  by  the  current,  and  striking  on  top  of  the  sill  instead  of  above 
its  shoulder.  After  all  the  needles  have  been  j) laced  on  the  rest- 
planks  or  frames,  they  are  dropped  into  the  water  as  rapidly  as  prac- 
ticable, and  the  whole  dam  is  in  before  the  head  has  appreciably 
increased.  The  shelves  or  frames  are  then  loosened  and  taken  to  the 
bank. 
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Further  studies  are  being  made  with  a  view  to  simplifying  the 
placing  of  the  needles,  and  the  experiments  so  far  made  indicate  be- 
yond a  doubt  that  all  the  needles  can  be  placed  within  a  few  minutes 
after  they  have  been  gotten  ready,  without  increasing  the  head 
beyond  a  few  inches,  and  that  the  only  thing  remaining  to  be  decided  is 
the  best  means  of  accomplishing  this  result.  This  can  only  be  deter- 
mined by  further  experiment  and  study. 

Originally  after  the  pass  needles  were  jjlaced,  those  of  the  weir  were 
put  in.  When  the  water  was  warm,  an  attendant  stood  on  the  masonry 
above  the  sill  and  placed  the  needles  at  the  bottom  while  another 
attendant  held  the  head.  If  the  water  was  too  deep  or  cold  for  the 
application  of  this  method  the  needle  boat  could  be  ixsed,  or  the 
attendant  could  stand  in  a  light  boat  above  and  guide  the  needles  into 
place,  and,  by  holding  back,  could  break  the  force  of  the  blow  when 
they  struck  the  sill.  As  at  present  arranged,  the  weir  needles  are 
placed  before  those  of  the  pass  and  while  there  is  still  some  Avater 
on  the  weir  sill.  This  is  easily  and  rapidly  done  by  men  standing  on 
the  masonry  above  the  sill  and  taking  the  needles  from  a  light  boat  or 
directly  out  of  the  river.  The  principal  advantage  of  this  method  is 
that  the  closing  of  the  weir  increases  the  current  through  the  pass, 
and  tends  to  scour  out  dei:)osit  on  the  trestles,  which  are  not  raised 
until  after  the  weir  is  completed. 

(c)  Removing  the  Needles. — When  a  rise  approaches,  the  wickets  in 
the  lock  are  opened,  and  when  they  fail  to  keej)  the  pool  down  to  its 
normal  level  alternate  needles  are  repoussed ;  that  is,  the  heads  of 
alternate  needles  are  pushed  up  stream  and  pins  or  sticks  12  to  15  ins. 
long  placed  between  them  and  the  support  bars.  This  permits  the 
escape  of  a  great  quantity  of  water.  When  this  fails  to  keep  the  pool 
down,  the  weir  needles  thus  standing  out  may  be  entirely  removed,  or, 
if  indications  point  to  a  considerable  rise,  all  the  weir  needles  may  be 
removed  by  the  method  explained  further  on.  A  continuation  of  the 
rise  may  necessitate  the  removal  of  all  the  needles  standing  out  in 
the  pass  or  even  the  whole  of  the  pass,  which  process  will  now  be 
explained. 

Near  the  top  of  each  needle  is  a  countersunk  handle  for  use  only  in 
removing  the  needle.  A  chain  much  longer  than  the  length  of  the 
dam  is  passed  along  the  up-stream  side  of  the  needles  and  connected 
bv  hooks  with  these  handles.     There  is  a  considerable  length  of  slack 
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chain  between  each  pair  of  handles.  The  end  of  the  chain  is  fastened 
to  a  long  line  leading  to  the  engine  on  the  needle  boat,  which  is 
anchored  well  up  stream,  or  to  a  crab  on  the  lock  wall,  or  on  shore. 
By  starting  the  engine  or  crab  the  first  needle  is  piiUed  away  fi'om  its 
support  at  the  top,  and  when  it  has  traveled  the  length  of  the  slack 
chain  leading  to  the  next,  the  second  is  started,  and  so  on  until  all  ai"e 
removed  and  are  afloat.  This  maneuver  is  very  rapid,  the  time  required 
being  simply  that  which  is  necessary  to  wind  the  rope  on  the  drum  of 
the  engine.  The  boat  is  anchored  in  such  direction  that  the  needles 
float  into  the  quiet  water  above  the  unremoved  portion  of  the  dam. 

The  original  intention  was  to  adopt  the  escapement  method  of  re- 
moving the  needles,  and  this  can  still  be  used  if  desired,  but  it  was 
found  that  the  wide  needles  would  be  greatly  damaged,  particularly 
on  the  weir,  by  allowing  them  to  fall  down  stream.  The  method  em- 
ployed is  more  rapid  and  less  destructive  to  the  needles  and  in  every 
way  more  satisfactory.  Were  the  trestles  of  wider  span,  the  escape- 
ment method  would  be  jareferable,  on  the  weir,  at  least,  but  the  lack 
of  a  cushion  of  water  on  the  masonry  would  often  prevent  escaping  on 
account  of  injury  to  the  needles. 

{d)  Lowering  the  Trestles. — In  lowering  the  trestles,  the  last  one 
raised  is  the  first  to  start  down.  The  attendant  stands  on  the  foot- 
bridge and  first  unhooks  the  rolling  bridge  and  pushes  it  back  into  its 
recess.  He  then  disconnects  the  escape-bar  of  the  last  trestle  and 
throws  it  around  against  its  trestle  and  then  unhooks  the  floor  section, 
which  falls  on  the  chain  and  rests  there;  he  gives  it  a  push,  and  the 
man  at  crab  at  the  same  time  slacks  on  the  brake  so  as  to  unwind  the 
chain.  When  the  chain  has  run  out  about  4  ft.  the  attendant  throws 
the  i^awl  of  the  standing  trestle  into  its  ratchet  and  thus  the  descend- 
ing trestle  is  stopped.  The  escape-bar  and  floor  section  of  this  trestle 
are  then  released  and  the  weight  of  the  trestle  already  under  way  pulls 
it  towards  itself  when  the  chain-wheel  of  the  crab  is  allowed  to  turn, 
thus  paying  out  the  chain.  The  operation  of  throwing  the  pawl  in 
the  ratchet  is  again  repeated,  when  the  chain  has  gone  as  far  as  de- 
sired. A  repetition  of  these  maneuvers  brings  all  the  trestles  to  their 
beds  with  their  floor  section  resting  on  top  of  them.  In  this  manner 
four  or  five  trestles  are  descending  simultaneously,  and  as  fast  as  one 
comes  to  rest,  another  is  attached.  The  time  required  for  lowering 
either  i)ass  or  weir  is  about  20  minutes. 
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By  the  lengthening  of  the  chain,  it  has  been  made  possible  to  lower 
each  trestle  separately,  if  desirable,  during  a  heavy  run  of  drift,  or 
for  other  reasons.  In  this  case  the  chain  can  be  spaced  beforehand, 
and  the  operation  of  lowering  will  consist  simply  of  releasing  the  con- 
nection between  the  trestles  and  allowing  them  to  fall,  as  is  done  with 
the  old-style  trestles,  or  they  can  be  lowered  with  the  crab,  the  pawl 
of  the  standing  trestle  not  being  thrown  into  the  ratchet  until  the 
trestle  which  is  being  lowered  comes  to  rest.  In  this  case  a  line 
pulling  from  the  opposite  end  of  the  dam  would  be  required  to  start 
the  trestle  downward,  but  a  better  solution  would  be  to  throw  in  the 
pawl  a  little  before  the  descending  trestle  came  to  rest.  Its  weight 
would  then  start  the  next  trestle  when  released. 

Fig.  1,  Plate  XVI,  shows  the  operation  of  lowering  the  trestles  of 
the  weir.     Fig.  2,  Plate  XVI,  is  a  view  of  the  weir  trestles  down. 

Results. — The  dam  has,  at  this  writing,  been  in  operation  nearly  one 
year.  The  early  part  of  the  present  season  was  one  of  violent  thunder 
storms  and  sudden  freshets,  which  brought  much  driftwood  into  the 
river.  About  the  last  of  July  a  drouth  set  in  which  was  of  unusual 
duration.  The  discharge  of  the  river  became  reduced  to  less  than  50 
cu.  ft.  per  second.  The  pool  has  remained  full  at  all  times,  except  when 
drawn  off  to  assist  small  craft  below  or  perform  necessary  work  about 
the  lock  and  dam.  The  greatest  head  so  far  attained  was  12  ft.  2i 
ins.,  and  the  leakage  through  the  pass  was  only  5.19  cu.  ft.  per  second, 
and  that  of  the  weir  too  small  to  take  into  account,  being  but  1  gall, 
in  38  seconds. 

No  trouble  has  been  experienced  with  the  pass;  the  needles  have 
been  removed  and  placed,  and  the  trestles  have  been  lowered,  each  time 
withoiit  difficulty  of  any  kind.  In  raising  the  trestles  the  chain  was 
broken  on  two  or  three  occasions,  caused  by  heavy  deposits  of  sand 
on  the  floors  which  form  the  foot-bridge  when  up.  With  one  excep- 
tion this  has  occurred  only  on  the  trestles  which  lie  in  the  pier  recess. 
It  has  been  found  impracticable  to  leave  the  lock  gates  open  on  ac- 
count of  the  increase  of  this  deposit,  due  to  the  greater  discharge  sec- 
tion and  consequent  reduction  in  current  velocity.  By  closing  the 
lock  and  erecting  the  weir  some  time  before  the  water  level  reaches 
its  masonry  crest,  considerable  scour  takes  place  through  the  pass,  and 
no  further  trouble  from  this  deposit  is  anticipated.  In  the  pier  recess 
the  removal  of  the  floor  sections,  before  lowering  the  trestles,  will  pre- 
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vent  a  deposit  of  sufficient  weight  to  break  the  chain.  On  the  weir 
there  has  been  a  little  trouble  with  drift,  but  it  was  of  slight  conse- 
quence. The  raising  of  the  trestles  and  the  removal  and  placing  of 
the  needles  is  done  with  the  greatest  facility.  What  difficulty  there 
has  been  has  arisen  from  permitting  the  trestles  to  stand  after  the  re- 
moval of  the  needles  in  the  drift-laden  torrent  caused  by  the  release 
of  so  much  water.  The  larger  drift  is  held  back  by  the  boom,  but 
small  pieces,  brush,  etc.,  are  drawn  under  the  boom  by  the  increased 
current,  caused  by  opening  the  dam,  and  some  of  this  lodges  against 
the  standing  trestles.  With  trestles  of  wider  span,  and  by  lowering 
the  trestles  simultaneously  with  the  needles,  most,  if  not  all,  of  this 
difficulty  can  be  obviated.  It  has  not  been  practicable  to  do  this, 
however,  owing  to  lack  of  bank  protection  below  the  abutment.  The 
opening  of  the  needles  from  the  abutment  end  of  the  weir  causes  great 
scour  for  some  distance  below  and  endangers  the  leaving,  so  that  it  has 
been  considered  advisable  to  make  the  first  openings  in  the  dam  at  the 
pier  end.  Thus  it  was  necessary  for  the  trestles  to  stand  imtil  all 
the  needles  were  removed,  when  the  lowering  could  begin  at  the 
abutment.  Even  with  this  drawback,  the  total  delay  caused  by  drift 
has  not  exceeded  two  hours  in  the  whole  year,  and  but  one  trestle  has 
been  bent  and  only  slightly. 

On  account  of  the  great  quantity  of  drift  running  in  this  river,  it 
was  originally  proposed  to  use  wickets  on  the  weir,  raised  without  the 
use  of  a  foot-bridge  and  lowered  by  a  tripping  bar;  thus  no  trouble 
would  be  encountered  by  drift  lodging  against  the  trestles  as  now 
occurs  on  wicket  dams  operated  from  trestles.  This  arrangement,  in 
the  light  of  experience,  would  have  been  preferable,  so  far  as  dispos- 
ing of  the  drift  is  concerned,  but  the  leakage  would  have  been  more 
than  the  entire  low-water  discharge  of  the  river,  unless  improvements 
could  have  been  made  over  those  now  in  use.  Either  method  has  its 
objections  and  its  advantages,  and  neither  is  wholly  suited  to  a  weir 
through  which  drift  must  pass.  The  only  serious  objection,  outside 
of  the  lodging  of  drift  on  the  trestles,  is  the  difficulty  of  replacing  the 
wide  needles  under  the  full  head  after  they  have  once  been  removed 
to  pass  a  moderate  rise,  but  even  this  is  not  impossible  and  is  rarely 
necessary.  The  width  of  weir  needles  can  be  advantageously  reduced 
without  seriously  increasing  the  leakage  and  thus  assist  materially  in 
this  contingency. 
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In  addition  to  the  leakage,  wickets  would  be  objectionable  on  tbi;* 
•weii"  because  they  could  never  be  put  on  the  swing  for  fear  of  drift- 
wood lodging  against  the  horses  and  thus  complicating  the  maneuvers. 
Thus,  pool  regulation  could  not  be  eflfected  in  small  rises  with  the 
certainty  that  it  can  by  repoussing  needles;  but  they  have  the  advantage 
that  they  can  be  raised  against  the  full  head  of  water  at  any  time  de- 
sired, and  thus  prevent  too  great  a  lowering  of  the  pool  in  passing 
small  freshets.  The  author  believes  that  the  consti"uction  could  be  so 
altered  as  to  greatly  decrease  the  leakage  and  thus  to  a  considerable 
extent  eliminate  this  objection.  Considering  the  untried  methods 
necessary  in  this  dam,  it  may  be  said  that  the  maneuvers  have  all  been 
fairly  satisfactory  so  far.  The  dam  has  been  operated  in  one  or  two 
instances  under  especially  difficult  conditions,  and  it  is  safe  to  predict 
success  under  all  ordinary  circumstances  which  may  occur.  A  rapidly 
rising  river,  filled  with  drift,  arriving  at  night,  in  snow  or  rain,  might 
complicate  matters  considerably,  and  change  an  apparent  success  into 
a  certain  failure,  without  warning.  All  precautions  possible,  except 
the  construction  of  telephone  lines  owned  and  operated  by  the 
Government,  have  been  taken  to  provide  against  surprises,  and  re- 
sults are  now  to  be  awaited  and  difficulties  met  with  courage  and 
intelligence. 

The  experience  so  far  gained  with  this  dam  indicates  that  its  opera- 
tion will  be  at  least  as  speedy,  easy  and  safe  as  is  that  of  the  wicket 
dams  on  the  Great  Kanawha  or  of  the  needle  dams  of  the  old  type  in 
Europe,  while  this  dam  is  much  less  wasteful  of  water  than  any  of 
these,  which  is  an  imiJortant  item  in  this  and  many  other  streams. 

Fig.  1,  Plate  XVII,  is  a  view  of  the  Louisa  dam  from  below,  on  the 
Kentucky  side  of  the  river.  The  pool  is  3  ins.  above  the  normal  level 
and  is  running  over.  The  head  is  12  ft.  3  ins.  from  pool  to  pool.  The 
depth  on  the  sill  is  13  ft.  3  ins. 

Fig.  2,  Plate  XVII,  is  a  view  from  the  lower  end  of  the  lock  when  the 
pool  is  full.  The  difference  in  level  between  the  two  pools  is  12  ft. 
2  ins.  It  will  be  seen  that  there  is  no  leakage  perceptible  throughout 
the  entire  length  of  dam,  and  that  the  w'ater  below  is  quiet. 

Modifications. — With  modifications  having  in  view  the  disposal  of 
the  drift,  that  is,  setting  aside  a  certain  part  of  the  dam  for  this  pur- 
pose and  constructing  it  with  that  object  in  view,  the  needle  dam  may 
become  an  economical  and  safe  means  of  improving  American  rivers 
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of  all  sizes  and  cliaracters.  At  this  particulai*  dam,  improvements 
could  be  made:  by  providing  a  drift  chute  for  the  passage  of  small 
debris  and  for  regulating  the  pool;  by  increasing  the  spans  of  the 
trestles  so  that  the  escapement  of  needles  will  be  facilitated  and  the 
passage  of  drift  at  the  time  of  opening  the  dam  be  rendered  less 
•dangerous;  by  widening  the  pass  needles  in  order  to  consume  less 
time  in  placing  them  and  also  make  their  escapement  less  injurious; 
by  cutting  off  the  needles  at  pool  level  so  as  to  permit  an  overflow,  the 
same  as  wicket  dams  have,  and  thus  assist  in  pool  regulation  at  the 
ordinary  stage  of  the  water. 

While  these  changes  would  be  beneficial  on  the  pass,  yet  they  are 
not  absolutely  necessary.  There  is  little  doubt  that  the  form  of  dam 
for  closing  the  weir  on  a  river  similar  to  this,  with  its  great  quantities 
of  drift  and  sudden  rises,  could  be  advantageously  changed  in  new 
oonsti'uctions;  still  the  author  is  not  ready  to  condemn  a  needle  weir, 
'bj  any  means.  The  weir  should  be  capable  of  rapid  and  safe  opera- 
tion under  the  most  adverse  conditions.  It  should  not  only  be  pos- 
sible to  lower  it,  but  also  to  raise  it,  under  full  head  of  water;  for 
there  are  times  when  it  is  advantageous  to  discharge  a  rise  over  it 
without  lowering  the  pass  at  all,  and  it  should  be  raised  again  long 
before  the  pools  above  and  below  reach  the  same  level.  It  should  be 
practicable  to  completely  lower  a  part  of  it  for  pool  regulation  and 
traise  it  again  at  the  projaer  time  without  reducing  the  head  below 
pool  level. 

That  this  result  may  be  economically  accomplished  by  the  jjroper 
■construction  and  intelligent  operation  of  well-known  forms  of  dam  the 
author  has  no  doubt.  There  has  been  in  use  for  nearly  seventy  years 
^  type  of  dam  which  may  be  applied  for  this  purpose  with  great 
economy  and  assurance  of  success — the  Thenard  shutter.  The  width 
of  the  shutters  must  be  only  such  as  the  power  at  hand  will  raise, 
against  the  maximum  head  of  water,  whether  this  be  as  narrow  as 
-an  American  needle  or  as  wide  as  a  Chanoine  wicket.  This  power 
may  be  applied  in  the  ordinary  way  from  a  foot-bridge,  or  maneuver- 
ing boat  (the  foot-bridge  being  lowered  again  after  use),  or  the 
maneuvers  may  take  place  in  a  conduit  in  the  masonry.  The  low- 
ering will,  of  course,  be  accomplished  by  a  tripping  device  of 
suitable  design,  operated  from  the  masonry  or  from  the  conduit 
mentioned. 
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That  the  same  result  may  be  attained  with  the  clam  described 
further  on,  composed  wholly  of  trestles  without  needles,  gates, 
curtains  or  wickets,  in  which  the  maneuvers  are  across  the  ciirrent 
from  stationary  mechanism,  seems  reasonable,  and  the  bear-trap 
and  drum  wickets  may  be  called  into  play  for  this  jiurpose,  because 
the  initial  head  can  be  obtained  by  raising  the  navigation  pass  first. 

Calculations. — The  strains  on  the  various  parts  of  the  dam  wOl 
now  be  given. 

Pass  Trestles.— Biveci  strains.  If  the  water  is  1  ft.  above  the 
normal  level  of  the  pool  the  total  pressure  on  each  bay  of  needles 
will  be  4  ft.  0  in.  x  13  ft.  3^  ins.  X  62.5  lbs.  x  7  ft.  6  ins.  =  24  900  lbs. 

Taking  moments  about  the  sill  to  find  the  pressure  P  on  the  sup- 
port bar  connecting  the  trestles  at  pool  level,  the  distance  to  the 
resultant  pressure  being  4. 72  ft. : 

24  9001bs.x4.72ft.^  ^^^ 

13  ft.  3.V  ins. 

The  two  down-stream  pieces  are  rigidly  connected  and  may  be 
assumed  to  take  equally  the  strain  they  bear,  whence,  by  graphics : 
Tension  in  up-stream  post  =  11  000  lbs. 

Compression  in  two  down-stream  posts  =  7  400  lbs.  each. 

.  •       o  ,,       ,           ,        11  000  lbs. 
Stress  m  up-stream  post  for   4-in.  8-lb.  channel  =     ^  .  „ = 

4  600  lbs.  per  square  inch. 

Stress  allowable,  about  12  000  lbs.  per  square  inch  of  net  section . 

r.  .     -,  .  J.        7  400  lbs.       o -I A/Ml  •     1 

Stress  in  down-stream  posts  =  .  —  =  3  100  lbs.  per  square  inch. 

With  square  and   pin  bearing  the   allowable  stress  for   steel  per 

square  inch  would  be  7  000  lbs.  if  —  = ^"77 — "  =  10- 2- 

Indirect  strains  are  caused  by  the  maneuvers,  sediment,  suction,  etc 
When  the  pass  trestles  are  down,  deposit  covers  them  and  en- 
closes them  to  the  level  of  the  top  of  the  sill.  It  may  be  assumed 
that  each  post,  in  being  raised,  must  lift,  for  each  foot  of  its  length,  a. 
block  of  material  9  ins.  wide  by  8  ins.  deep.  Then  9  ins.  x  8  ins.  = 
72  ins.  X  12  ins.  =  864  cu.  ins.  =  0.50  cu.  ft.  Net  weight  of  sand  im 
water  =  110  lbs.  —  62.5  lbs.  =  47.5  lbs.  or  say  50  lbs.  per  cubic  foot. 
Weight  of  posts  and  connections,  say,  10  lbs.  per  foot  run. 

50 
Hence  total  weight   on  ijost  =  -;;-  -f-  10  =  35  lbs.  per   foot  run. 
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Greatest  length  between  suijports  —  16.5  ft.     Hence  bending  moment 

35  lbs.  X  16.5  ft.  X  16.5  ft.        ,  ,q„  .,    „  , ,  onn        u 

= 5 =  1  190  ft. -lbs.  =  14  200  in. -lbs. 

o 

Now  if  .s  =  strain  per  square  inch  in  extreme  fiber, 

c  =  distance  from  center  of  gravity  to  same  fiber, 

/  =  moment  of  inertia  of  section, 

M  =  bending  moment, 

.,                 Mc      14  200  lbs.  X  2  ins.         .  «nmi  •     i* 

then  s  =  -J-  = ^-^j =  5  600  lbs.  per  square  inch  for 

4-in.  8-lb.  channel.  Compression  strain  due  to  raising  =  about  200 
lbs.  i^er  square  inch.  Total  strain  in  raising  =  5  800  lbs.  per  square 
inch. 

The  actual  weight  of  one  trestle  head,  with  floor,  escape-bar,  etc., 
with  bottom  of  trestle  resting  on  ground,  is  750  lbs.  Assuming  that 
900  lbs.  is  the  weight  raised  by  the  chain  in  raising  according  to  the 
diagram,  then  maximum  pull  on  chain  =  4  360  lbs. 

Pass  Needles. — These  are  12  ins.  in  width,  8.V  ins.  thick  at  the 
bottom  and  4 J  ins.  thick  at  pool  level.  Clear  span  =  13.3  ft.  Maxi- 
mum head  =  13  ft.  Pressure  per  needle  =  1.0  ft.  x  13.3  ft.  x  6.5  ft. 
X  62.5  lbs.  =  5  400  lbs. 

Maximum  3/ will  be  found  at  7.5  ft.  below  pool  level  and  =  (1  80O 

X  7.7  ft.)  —  (1  ft.  X  7.7  ft.  X  3.75  X  62.5  lbs.   x  "^^^^l  =  13  900  — 

4  600  =  9  300  ft. -lbs.  =  111  600  in. -lbs. 

Thickness  of  needle  at  this  jjoint  =  6|  ins.    From  standard  formula, 

•              ^1         ^     .             Mc          6Hns.       -.  „_  •          c       3.37  ins. 
extreme  fiber  strain  s  =:  -j-;  c  =  ^r —  =3.3/  ins. ;  y  =  ^ = 

6  1       T,,  111  600       ,  ^_  „  .     - 

-jtt: TTT^ =  TTv.      Iheu  s  =  — ^-, —  =  1  230  lbs.  per  square  inch. 

12  ins.  x6|ms.       91  91  ^         ^ 

For  needle  1\  ins.  thick  s  =  ■  ^  ^ —  =  1  000  lbs.  per  square  inch. 

For  needle  8  ins.  thick  .9  =  — ^  —  =  875  lbs.  per  square  inch. 

128 

The  leakage  through  the  pass  when  the  i^ool  is  at  normal  height, 

13  ft.  above  sill,  with  no  down-stream  pressure  =  20.5  ft.  x  0.6  =  12.30 
ft.  per  second.  Area  of  oi^ening  with  needles  ^  in.  apart  =  13  ft.  3.1 
ins.  X  \  in.  =  0. 138  sq.  ft.  Hence  leakage  per  needle  (or  per  foot)  = 
12.30  ft.  X  0.138  sq.  ft.  =  1.70  cu.  ft.  per  second. 

Hence  total  leakage  between  pass  needles  =  1.70  cu.  ft.  x  131  = 
222  cu.   ft.   per  second.     De  Lagrene's  formula  gives  the  leakage  as 
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about  19G  cu.  ft.  per  second.  lu  actual  practice,  there  is  not  the  least 
leaka}?e  in  six  or  eight  consecutive  joints,  and  it  is  safe  to  state  that 
water  passes  through  less  than  one-third  of  the  joints,  and  even  these 
may  be  closed  by  tlie  use  of  grass  and  weeds.  The  weir  leakage 
amounts  to  121  cu.  ft.  per  second  by  the  same  formula.  In  practice,  it 
probably  never  equals  one-fiftieth  of  that  amount,  and  most  of  this 
occurs  between  the  sill  and  the  needles  where  small  stones  or  sticks 
may  have  caught.  With  a  head  of  7  ft.  on  October  22d,  1897,  the 
leakage  through  the  weir  was  all  collected  on  the  masonry  floor  and 
passed  through  a  small  pipe,  and  amounted  to  a  common  water  bucket 
full  in  95  seconds,  or  about  1  gall,  in  38  seconds.  The  entire 
leakage  of  i)ass  and  weir  was  carefully  measured  at  the  same  time  and 
found  to  be  about  5. 20  cu.  ft.  per  second.  The  discharge  of  the  entire 
river  had  at  that  time  been  reduced  by  the  long  drouth  to  48  cu.  ft. 
per  second.  The  river  below  the  dam  then  stood  at  10  ins.  on  the  pass 
sill,  and  the  distance  to  the  level  of  the  upper  jiool  was  12  ft.  2|  ins. 

Remarks  on  Needle  Dams. 

Needles. — The  two  principal  objections  to  needle  dams,  of  lifts  even 
as  high  as  those  sustained  by  wickets,  have  been  that  the  needles 
would  be  too  heavy  for  one  man  to  handle  and  that  the  leakage  would 
be  too  great.  Both  of  these  objections  have  been  overcome,  in  the 
dam  just  described,  by  the  use  of  needles  handled  by  machinery,  and 
of  such  dimensions  as  to  make  practically  a  tight  wall.  The  width  of 
the  needles  causes  but  few  joints,  and  these  are  reduced  to  the  smallest 
space  by  carefully  placing  them  close  together;  the  thickness  or  depth 
being  of  great  advantage  in  holding  sediment,  weeds,  gi-ass,  etc.,  which 
are  drawn  into  the  joints.  In  this  dam,  while  the  dej^th  of  water  is  13 
ft.,  the  head  sustained  is  11|^  to  12  ft.,  and  may  even  go  to  13  ft.,  be- 
cause there  is  no  dam  below  to  hold  the  water  to  a  certain  height,  yet 
the  leakage  can  be  reduced  to  almost  nothing. 

Now,  in  a  system  of  dams,  the  head  here  sustained  is  practically 
the  same  as  it  woiild  be  in  a  dam  with  18  ft.  on  the  sill  and  6  ft.  in 
the  i)ool  below,  and  the  author  has  uo  hesitancy  in  recommending 
such  a  dam  under  certain  conditions. 

High-Lift  Dams. — These  conditions  are: 

(1)  The  trestles  should  have  a  span  as  great  as  their  height,  or  at 
least  sufficient  to  enable  one  to  be  lowered  independently  of  the  others. 
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(2)  The  trestles  should  be  provided  with  suitable  escapements  and 
appliances  for  placing  the  needles. 

(3)  The  needles  should  be  a  combination  of  wood  and  steel  or  iron, 
3  or  4  ft.  in  width  and  of  great  strength  and  stiffness. 

(4)  A  regulating  weir  should  be  provided  whose  closing  apparatus 
should  be  such  as  can  be  readily  operated  both  in  raising  and  lower- 
ing, in  whole  or  in  part,  under  the  full  head  it  sustains. 

Wide-Span  Trestles. — The  chief  advantage  of  wide-span  trestles  is 
that  they  permit  any  trestle  to  be  lowered  at  any  point  in  the  dam  re- 
gardless of  any  other  trestle;  a  second  advantage  is  that  they  allow 
most  of  the  drift  to  pass  through  when  the  needles  are  being  escaped, 
and  even  when  it  lodges  the  trestles  are  so  strong  that  it  can  do  but 
little  damage  before  it  can  be  removed.  The  wide  spans  are  also  quite 
advantageous  in  the  escapement  of  needles,  because  these  cannot  be 
injured  by  striking  the  trestles  in  falling,  like  they  can  in  the  narrow 
spaces. 

Escapements. — The  best  method  of  removing  the  needles  is  to 
permit  them  to  fall  down  stream  when  there  is  a  sufficient  cushion  of 
water  to  prevent  their  injury,  and  where  the  construction  is  such  that 
they  will  not  be  damaged  by  the  trestles  or  inflict  an  injury  on  these 
members  themselves.  For  wide-span,  high-lift  trestles,  the  escape- 
ments which  require  the  bar  to  swing  horizontally  will  scarcely  be 
practicable,  but  there  is  no  doubt  an  escape^bar  can  be  so  constructed 
as  to  either  revolve,  slide  or  roll  upward  when  released  and  permit  the 
needles  to  pass  under  it ;  or  hook  or  chain  connections  can  be  made 
which  will  support  the  tops  of  the  needles  and  be  readily  disengaged 
when  desired.  The  raising  of  the  trestles  can  be  easily  accomplished, 
whatever  their  weight,  within  reasonable  limits,  and  their  upward  pull 
on  the  masonry  can  be  distributed  so  as  to  effect  no  injury. 

Placing  Needles. — The  placing  of  needles  of  great  width  can  be 
done  with  the  greatest  facility  by  arranging  them  so  that  all  will  drop 
into  the  water  together.  Suitable  connections  with  the  trestles  can 
be  devised  for  this  purpose.  The  needles  may  be  taken  from  the 
water  by  light  machinery  on  a  boat,  or  from  any  point  desired  by  a 
small  traveling  crane  running  on  a  track  on  the  trestles  themselves, 
and  placed  upright  on  shelves  of  supports  arranged  beforehand. 
These  supports  should  be  so  constructed  as  to  guide  the  needles  into 
the  shoulder  of  the  sill.     When  all  is  ready  the  simultaneous  release 
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of  tlie  support-shelves  will  drop  all  the  needles  into  the  water 
together.  This  method  has  had  a  sufficient  test  to  indicate  its  com- 
plete success  in  practice.  It  has  the  advantage  that  the  needles  come 
to  rest  without  shock  to  the  sill,  dropping  as  they  do  almost  verti- 
cally. 

-  Another  method  which  has  merit,  although  not  yet  tried,  even  ex- 
perimentally, consists  in  placing  the  heads  of  the  needles  on  the 
escape-bars  and  suspending  the  bottoms  just  above  Avater  from  a  wire 
rope  stretched  across  the  pass.  The  needles  are  thus  inclined  up 
stream.  When  all  have  been  put  in  position,  both  ends  of  the  rope 
are  released  and  the  current  carries  the  needles  against  the  sill.  It  is 
not  certain  that  this  sudden  striking  of  the  sill  will  not  be  injurious 
both  to  the  needles  and  the  sill,  although  it  is  not  believed  that  the 
force  will  be  sufficient  to  do  any  damage,  and  another  method  on  this 
line  is  suggested  : 

At  the  correct  distance  above  the  needles  is  placed  a  bar  of  steel 
reaching  the  entire  width  of  pass.  When  down  it  rests  on  a  sill  at  the 
level  of  the  pass  sill ;  when  up  it  rests  on  legs  or  small  horses  hinged 
to  the  sill  at  the  bottom  and  to  the  bar  at  the  top.  These  legs  do  not 
become  wholly  upright,  but  stand  inclined  at  a  considerable  angle  to 
facilitate  lowering.  The  bar  is  raised  by  winding  in  a  chain  attached 
to  the  end.  When  up  it  is  just  above  the  water.  The  bottoms  of  the 
needles  are  i^laced  on  it  and  the  heads  on  the  escape-bars.  When  all 
have  been  so  placed  the  releasing  of  certain  fastenings  at  several 
points  will  permit  the  bar  to  revolve  and  drop  the  needles  into  the 
water,  when  the  current  will  carry  them  against  the  sill.  In  either 
case  several  needles  should  be  put  in  place  to  act  as  guides,  but  not  a. 
sufficient  number  to  materially  increase  the  velocity  of  the  current. 
The  bar  is  then  lowered  by  slacking  the  chain. 

For  the  wide-span  trestles,  and  wide  needles  mentioned  at  several 
points  in  this  paper,  the  following  method  is  suggested: 

The  trestles  are  connected  at  a  suitable  height  with  bars  at  up- 
stream posts.  The  needles  are  placed  horizontally  or  nearly  so  on 
these  bars,  like  a  wicket  on  its  horse,  so  that  when  the  up-stream 
ends  are  depressed  they  will  come  to  place  in  the  shoulder  of  the  sill 
by  revolving  around  the  bars,  on  which  they  are  held  by  suitable  pro- 
jections or  hooks.  Special  needles  above  each  trestle  may  first  be 
placed  to  fill  the  spaces.     The  bars  can  be  removed  when  proper  con- 
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aection  with  escape-bars  above  has  been  made.  By  this  method, 
which  can  also  be  applied  on  narrow-span  trestles,  the  needles  can  be 
righted  more  leisurely,  as  in  Chanoine  wickets,  but  it  is  advisable  to 
do  it  quickly.  There  is  no  difficulty  in  arranging  suitable  appliances 
for  simultaneous  righting  throughout  the  entire  length  of  the  dam,  by 
simjjly  placing  the  bars  at  such  level  as  will  make  the  butt  of  the 
needle  heavier  than  its  top,  and  holding  the  to^D  on  the  under  side  of 
another  bar  or  chain  which,  when  released,  will  be  raised  by  the  up- 
ward movement  of  the  heads  of  the  needles  as  their  bottoms  go 
against  the  sill. 

Tightening  Jacks. — The  tightness  and  cheapness  of  a  needle  dam 
are  its  two  chief  recommendations.  By  the  use  of  heavy  hydraulic 
jacks  at  the  masonry  ends  of  the  pass,  applied  as  soon  as  the  needles 
have  been  placed  and  before  the  head  has  become  much  increased 
(and  common  jack-screws  at  intervals  along  the  dam  in  wide  passes), 
the  needles  can  be  pressed  so  closely  together  that  no  leakage  what- 
ever will  take  place  between  them.  The  author  has  used  the  common 
jack-screw  for  this  purpose  with  great  satisfaction  by  simply  standing 
out  the  heads  of  needles  at  intervals  and  inserting  the  jacks  between 
those  in  place.  In  this  manner  he  was  able  to  completely  close  all 
joints  within  20  ft.  either  way  from  the  jack  with  the  great  head  of  4 
ft.  There  should  be  two  stationary  jacks  at  each  end  of  the  pass,  one 
near  the  top  and  one  at  the  bottom  of  the  needles.  Those  at  the  top 
need  have  but  little  power.  All  should  be  placed  in  recesses  in  the 
masonry  and  connected  with  needles  in  the  recesses  which  would  be 
pushed  out  to  close  the  spaces  made  by  pressing  the  needles  together. 
Jack-screws  of  the  common  type  may  be  used  at  intermediate  points, 
if  desirable,  with  great  advantage,  the  spaces  they  cause  being  closed 
by  joint  covers  or  narrow  needles. 

Application  to  Wide  Passes. — That  it  is  wholly  practicable  to  operate 
very  wide  passes,  such  as  those  proposed  for  the  Ohio,  closed  with 
needles  3  or  4  ft.  wide  and  18  to  20  ft.  high,  with  actual  lift  of  12  ft. , 
the  author  has  no  doubt.  That  such  a  dam  would  be  preferable  to 
Chanoine  wickets  in  many  respects,  particularly  those  of  tightness 
and  economy,  is  also  true.  The  new  idea  of  placing  the  needles 
simultaneously,  coupled  with  the  old  one  of  releasing  them  by  escape- 
ment, conspire  to  render  it  possible  to  close  passes  of  any  width  with- 
out an  increased  head,  and  open  them,  if  necessary,  under  full  press- 
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ure.  By  the  use  of  wi(le-si>au,  heavy  trestles,  which  cau  be  dropped 
as  fast  as  the  needles  are  released,  the  danger  from  drift  is  greatly  re- 
duced, if  not  wholly  overcome. 

The  maneuver  of  lowering  may  be  as  rapid  as  desired.  Certainly 
this  can  be  done  with  far  greater  sjieed  than  with  wickets  without  a 
tripper.  It  cau  oven  be  accomplished  from  the  walls,  without  going 
upon  the  foot-bridge  at  all,  if  desired.  The  raising  may  require  moi'e 
time  than  for  wickets,  but  this  is  not  certain.  By  the  use  of  a  differ- 
ent foi-m  of  floor  for  the  foot-bridge  the  accumulation  of  deposit  on 
the  trestles  when  down  will  not  nearly  ecxual  that  which  now  finds 
lodgment  on  the  wickets,  and  in  this  way  much  time  may  be  saved  in 
the  raising.  An  advantage  of  needle  dams,  not  to  be  overlooked,  is 
the  facility  with  which  repair's  can  be  made;  every  movable  part  is 
easy  of  access.  The  width  of  foundation  for  a  needle  dam  need  only 
be  about  one-half  that  of  a  wicket  dam  operated  from  a  foot-bridge, 
and,  as  the  cost  is  largely  in  the  substructure,  it  will  be  much  cheaper. 

Needles  Below  Trestles. — The  author  has  under  way  plans  for  a  high- 
lift  needle  dam  in  which  the  needles  are  on  the  down-stream  side  of 
the  trestles.  The  heads  of  the  needles  are  supported  by  hooks  at- 
tached to  the  down-stream  side  of  the  floor  and  the  bottoms  rest  against 
a  shoulder  in  the  foundation.  The  supporting  hooks  are  made  with 
lever  handles  so  that  they  may  be  readily  disengaged  either  separately 
or  by  numbers  as  desired.  The  escape-bar  is,  therefore,  not  neces- 
sary. The  down-stream  posts  of  the  trestles  may  act  as  i>art  of  the 
dam  or  the  needles  may  be  entirely  below  the  line  of  trestles.  The 
advantages  of  this  construction  will  be  apparent  to  those  familiar  with 
the  maneuvers  necessary  to  place  and  remove  the  needles,  as  they  can 
be  much  more  easily  put  in  with  the  trestles  to  guide  them  and  will 
not  strike,  or  become  entangled  with  the  trestles,  when  being  taken 
out.  The  pressure  against  a  high  sill  at  the  bottom  is  also  avoided. 
It  is  the  author's  intention  to  more  fully  describe  and  illustrate  this 
idea  in  the  disciission,  when  the  drawings  will  have  been  completed. 

Chanoine  Wicket  Dams. 

The  wicket  dam  invented  in  1852  by  M.  Chanoine  has  had  quite  an 
extended  api)lication.  It  has  undergone  few  changes,  considering  the 
number  in  use,  but  the  form   of  hurter  or  shoe  against  which  the 
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props  rest  when  the  dam  is  up  was  considerably  altered  hj  M.  Pas- 
queau  in  1879  in  the  dam  at  Lyons,  France,  and  this  modification  has 
been  applied  in  America.  The  object  of  this  alteration  was  to  dispense 
with  the  tripping  bar  in  lowering  the  dams,  but  a  French  engineer 
has  well  said  that  this*  "removes  one  of  the  greatest  advantages  of 
the  Chanoine  system;  in  suppressing  the  tripping  bar  we  take  away 
the  power  of  opening  the  dam  in  a  few  minutes  by  the  simple  ma- 
chinery of  a  crab  on  the  bank,  and  in  spite  of  any  ice.  In  fact  certain 
dams  on  the  Upjoer  Seine  have  been  opened  several  times  without 
difficulty  and  without  damage  when  the  river  has  been  completely 
covered  with  ice,  a  notable  example  being  that  of  the  25th  of  Decem- 
ber, 1870,  at  Port  a  I'Anglais  during  the  siege  of  Paris." 

History. — As  the  Poiree  dam  was  developed  from  the  old-time 
stanches  and  plank  dams  of  various  j^atterns,  so  the  Chanoine  wicket 
dam  is  an  evolution  of  another  type.  Gates  with  horizontal  axes  fixed 
in  the  abutments  have  long  been  in  use.  The  valves  used  in  the  dikes 
of  Holland  turn  on  an  axis  near  the  top,  and  the  date  of  their  intro- 
duction is  not  known.  They  allow  the  water  to  run  off  at  low  tide  and 
prevent  its  encroachment  at  high  tide. 

De  Cessart,  in  1808,  proposed  a  wicket  whose  axes  should  be  at  the 
lower  third  of  the  height  and  turn  in  the  abutment.  A  similar  gate 
was  proposed  by  M.  Frimot  in  1827. 

The  dams  on  the  Orb  (1778)  were  supported  by  hinges  fastened  to 
the  floor  of  the  dams.  M.  Thenard  then  added  the  prop,  hurter  and 
tripping  bar,  and  at  the  suggestion  of  M.  Mesnagerthe  counter-shut- 
ter was  constructed  by  him.  The  invention  of  M.  Chanoine  (1852) 
placed  the  axis  of  rotation  near  the  middle  of  the  wicket,  above  the 
center  of  pressure  and  on  the  down-stream  side.  The  wicket  is 
mounted  on  the  head  of  a  horse  or  trestle,  upon  which  it  swings.  This 
horse  is  free  to  rotate  around  its  base,  which  is  hinged  to  the  floor. 
The  wicket  is  raised  end-on  to  the  stream.  Its  thickness  and  that  of 
the  horse  and  jji-op  furnish  the  only  resistence  to  the  force  of  the  cur- 
rent. When  raised  the  wickets  form  the  dam.  They  may  be  lowered 
either  by  the  use  of  a  tripping  bar  or  by  a  boat-hook.  These  dams 
usually  consist  of  two  parts,  the  weir  and  the  navigable  pass.  In  the 
pass,  the  sill  is  level  with  the  bed  of  the  river.  On  the  weir,  the  sill 
is  considerably  higher.  The  two  portions  of  the  dam  are  separated  by 
a  pier  and  are  furnished  with  abutments  at  the  banks.     In  the  earlier 

*  Talansier  in  Le  Finie  Civil.  Vol.  xiv,  p.  20,  November  10th,  1888. 
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times,  the  wickets  were  raised  by  the  use  of  a  boat,  but  in  more  recent 
dams  a  foot-bridge  of  Poiree  trestle  lias  been  regarded  as  better,  al- 
though the  pass  at  the  Davis  Island  dam,  on  the  Ohio  River,  is 
maneuvered  from  a  boat,  and  has  the  advantage  that  there  are  fio 
trestles  to  catch  drift. 

Chanoine  Dams,  Pkopek. 

Wicketfi. — It  is  not  considered  necessary  at  this  i^oiut  to  describe 
other  than  the  movable  parts  of  a  wicket  dam.  Wickets  consist  of 
three  parts:  a  rectangular  wooden  or  iron  panel,  capable  of  being 
balanced  by  coiinterweights  on  a  horizontal  axis,  a  horse  and  a  i)rop. 
The  horizontal  axis  of  the  wicket  is  generelly  placed  near  the  lower 
third  of  the  height  of  the  dam.  When  the  water  rises  above  the  top 
of  the  wicket  to  a  certain  height,  the  wicket  tips  by  the  weight  to  an 
almost  horizontal  position.  When  the  level  of  the  pool  is  lowered  the 
pressure  is  reversed,  and  the  wicket  is  closed.  In  some  of  the  French 
dams,  the  wicket  is  furnished  with  a  movable  counterpoise.  When 
the  level  of  the  water  becomes  sufficiently  lowered  the  counterpoise 
slides  down  to  the  lower  end  of  the  wicket,  causing  it  to  assume  an 
upright  position.     The  use  of  counterj^oises  is  not  in  favor. 

In  the  navigable  pass  the  wickets  are  generally  made  so  as  not  to 
turn  automatically.  This  would  be  undesirable,  for  several  reasons. 
These  wickets  are  sometimes  furnished  with  papilluns,  or  flutter  valves, 
which  are  so  made  as  to  turn  on  an  axis  when  the  stream  attains  a  cer- 
tain level.     They  are  intended  to  regulate  slight  variations  in  the  pool. 

The  portion  of  the  wicket  above  the  axis  of  rotation  is  called  the 
chase;  that  below  is  termed  the  breech.  When  raised,  the  breech 
rests  against  the  sill  of  the  floor.  The  axis  of  rotation  of  the  wicket 
is  formed  by  the  head  of  an  iron  horse,  which  itself  revolves  around  a 
horizontal  axis  fixed  to  the  floor. 

The  normal  level  of  the  pool  should  give  the  required  level  of 
water  on  the  miter-sill.  It  has  been  calculated  that,  to  maintain  the 
proper  level,  the  jiass  and  weir  wickets  should  be  of  the  same  height, 
and  should  be  on  a  level  with  the  upper  jjool  when  raised.  If  some 
of  the  wickets,  either  in  the  pass  or  on  the  weir,  are  lower  than  others 
it  is  difficult  to  maintain  a  sufficient  head  of  water. 

The  wickets  are  not  so  constructed  as  to  form  tight  joints  one  with 
another.     In  such   a  case   any  slight   warping  or   lateral   oscillation 
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would  render  their  operation  impossible.  A  s^oace  of  from  4  to  5  ins, 
is  left  between  adjoining  wickets.  This  facilitates  operation,  and 
allows  the  low-water  surplus  to  escape.  If  it  is  desired  to  conserve 
the  water  above  the  dam,  it  may  be  done  by  nailing  strips  to  the 
edges  of  the  wickets  or  by  inserting  needles  at  the  joints.  This 
operation  may  be  performed  with  safety  from  a  skifi"  or  from  the  foot- 
bridge. The  joints  of  the  wickets  in  the  jiass  should  be  closed  first, 
because  they  are  not  likely  to  swing,  and  because  the  leakage  is 
greater. 

The  width  of  the  wickets  is  arbitrary,  but  it  decreases  with  the 
height.  The  statical  pressure  is  proportional  to  the  product  of  the 
width  into  the  square  of  the  height.  The  rule  should  not  go  so  far, 
however,  as  to  abridge  the  width  of  the  horse,  and,  thereby,  the 
stability  of  the  wicket.  On  the  Haute  Seine  the  wickets  are  4.26  ft. 
wide  for  6.56  ft.  in  height,  and  3.28  ft.  wide  for  11.80  ft.  in  height. 

The  material  used  for  the  panel  of  the  wicket  may  be  either  iron 
or  wood.  In  time,  wood  is  likely  to  warp,  or  rot,  or  open.  While 
iron  cannot  be  objected  to  on  these  accounts,  it  has  the  disadvantage 
of  greater  cost,  and  of  not  losing  its  weight  in  water.  It  is  hence 
more  difficult  to  maneuver. 

When  raised,  a  wicket  is  supported  by  the  horse,  which  stands 
vertical,  and  the  prop,  which  is  inclined  down  stream.  The  wicket  is 
inclined  down  stream  at  an  angle  not  to  exceed  20  degrees.  When  the 
foot  of  the  prop  is  tripped,  and  it  moves  down  the  slide,  the  horse 
turns  round  its  axis  and  falls  to  the  floor  as  a  continuation  of  the 
prop.  The  panel  falls  on  top  of  the  horse  and  prop,  and  protects 
them  from  the  action  of  the  current  and  from  floating  bodies.  The 
panel  should  fall  on  a  cushion  of  water  formed  by  the  lower  pool,  and, 
if  it  does  not,  it  is  likely  to  be  broken  or  injured  by  the  shock.  The 
wicket  is  supjjorted  by  a  wrought-iron  proj),  the  foot  of  which  rests 
against  a  cast-iron  hurter  which  is  fixed  to  the  floor.  This  hurter 
consists  of  an  inclined  plane,  trapezoidal  in  form,  13^  ins.  long,  9f 
ins.  wide  at  the  base,  and  3^  ins.  at  the  top.  It  is  provided  with  lugs 
on  the  oblique  faces  1^  ins.  thick,  and  projecting  2^  ins.  The  front 
of  the  inclined  plane,  4  ins.  high  and  4f  ins.  wide,  terminated  at  one 
end  by  a  lug  of  the  inclined  plane  which  projects  at  an  angle  of  45°, 
and  at  the  other  end  by  a  slide  with  a  lug  2f  ins,  high.  Between  the 
oblique  lug  of  the  cast-iron  shoe,  this  reaches  to  the  girder  which 
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bears  the  tripper  1.44  ft.  ui)  stream.  Tlie  total  length  of  the  slide  is 
5  ft.,  so  that  the  end  of  the  prop  does  not  leave  it  when  lying  down, 
but  curves  to  one  side.  The  hurter  and  the  slide  form  two  pieces 
united  by  tenons.  The  hurter  is  so  placed  that  the  middle  of  the 
inclined  plane,  and  the  middle  of  the  end  of  the  slide  are  in  a  jilane 
normal  to  the  wicket  and  containing  the  axis  of  the  i^rop.  When  the 
wicket  is  lowered  the  tripper  pulls  the  foot  of  the  prop  into  the  slide, 
and,  as  it  has  no  support,  it  is  guided  down  the  slide  by  a  lug  to  the 
floor.  When  the  wicket  is  raised,  the  foot  of  the  ^jrop  follows  the 
vertical  plane  over  the  top  of  the  inclined  plane.  It  is  held  upon  the 
plane  by  two  lugs.  When  at  right  angles  to  the  front,  it  falls  ou  the 
shoe  and  is  in  jjosition. 

Tripping  Bar. — To  lower  the  wickets  a  tripping  bar  is  used.  If 
the  floor  of  the  wicket  exceeds  1.64  ft.  above  low  water,  the  tripper  is 
iinuecessary,  and  the  projis  are  removed  by  a  hook.  The  tripper  has 
as  many  claws  as  there  are  projis.  If  the  pass  exceeds  100  ft.  in  width, 
the  bar  is  divided  into  two  parts,  which  join  end  to  end  and  work  in 
ojjposite  directions.  They  are  operated  by  two  windlasses,  one  at  the 
abutment,  and  one  at  the  pier.  The  bar  should  be  about  3  ins.  wide 
by  1.18  ins.  thick.  At  the  lower  end  it  terminates  in  a  rabbet,  paral- 
lel to  the  props.  It  carries  tongues  2.36  ins.  wide  underneath,  and 
serving  as  guides.  Each  tongue  has  a  hole  for  a  pin  to  prevent  the 
bar  from  rising.  The  tripijer  is  so  made  as  to  lower  the  first  shut- 
ters, one  by  one,  and  the  later  ones  as  many  as  four  at  a  time.  The 
giiides  of  a  tripper  are  two  iron  rods,  parallel  and  horizontal,  4.92  ft. 
long  by  1.57  ins.  in  diameter. 

The  whole  is  so  arranged  that  the  tongue,  held  laterally  by  the 
two  rods  of  a  guide,  is  raised  0.40  in.  above  the  girder.  A  guide 
is  placed  about  every  13  ft.  The  tripper  is  carried  on  bronze  rollers 
8^  ft.  apart,  or  twice  the  width  of  a  wicket.  The  tripper  extends 
about  9  ft.  into  the  abutment.  It  enters  through  a  sheet-iron  gate. 
Behind  this  gate  is  a  vertical  roller  which  directs  the  bar  against  the 
pinion  of  the  windlass.  A  rack  at  the  end  of  the  tripper  engages  the 
pinion  of  the  winch-shaft,  and  is  held  in  place  by  vertical  rollers. 

Maneuvers. — Raising  the  wickets  may  be  performed  from  a  boat  or 
bridge  by  the  use  of  a  winch.  If  from  a  boat,  it  is  placed  at  right 
angles  to  the  current  and  above  the  abutment.  It  is  fastened  at  the 
stern.    The  winch  is  placed  a  little  aft,  and  the  rope  pays  out  through 
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a  pulley  in  the  bow.  The  wickets  on  the  weir  are  raised  first.  The 
bow  of  the  boat  is  placed  opposite  the  first  wicket  and  in  line  with  its 
axis.  The  lock-keeper  seizes  the  handle  of  the  wicket  with  a  boat 
hook.  This  is  an  iron  rod  8  ft.  long  and  1|  ins.  in  diameter,  fastened 
to  a  wooden  handle  13  ft.  long  and  terminated  by  a  hook,  2  ft.  above 
which  there  is  a  ring.  A  rope  about  50  ft.  long  is  tied  in  this  ring 
and  is  wound  at  the  other  end  around  the  drum  of  the  winch.  When 
he  seizes  the  handle  and  then  turns  the  winch,  the  horse  rises  against 
the  sill  and  the  jjrop  is  finally  set  in  the  hurter.  The  pull  should  not 
be  too  nearly  vertical.  The  proper  angle  is  45",  and  the  boat  should 
be  anchored  at  a  proper  distance  to  secure  this  angle.  To  be  sure 
that  the  jjrops  are  in  place,  a  man  below  pushes  the  wicket  forward 
with  a  pole.  When  this  man  feels  the  shock  on  the  prop,  he  notifies 
the  keeper,  who  orders  the  winding  stojjped. 

The  preceding  operations  are  the  only  ones  necessary  when  the 
axes  of  rotation  and  the  flutter  valves  are  so  arranged  that  the  wicket 
is  raised  automatically  by  the  current.  Otherwise  the  pressure  on 
the  chase  is  greater  than  on  the  breech,  and  if  the  current  is  switt  it 
is  necessary  to  pull  on  the  chase  with  a  boat-hook.  When  the  pier  is 
reached,  all  the  wickets  of  the  weir  remain  swung,  and  the  river  flows 
on  without  interruption  while  the  pass  is  being  closed.  The  wickets 
of  the  weir  are  then  closed. 

If  a  foot-bridge  is  used  it  must  first  be  raised,  as  described  in  the 
case  of  Poiree  trestles.  The  lock-keeper  then  brings  all  the  props 
against  their  hurters  by  fastening  the  breech  chains  of  the  wickets  to 
the  drum  of  the  winch  and  winding  in.  An  assistant,  in  a  skiff"  below 
the  dam,  sees  that  the  props  are  properly  in  place. 

When  the  wickets  are  swung  the  lock-keeper  fastens  the  chase 
chains  in  the  chain  stops  of  the  trestles,  keeping  the  wicket  a  few 
degrees  out  of  the  horizontal.  To  right  a  wicket  the  winch  is  placed 
immediately  opj^osite,  and  the  truck  carrying  it  is  fastened  to  the 
trestles  by  hooks.  The  breech  chain  is  lifted  from  its  stop  and  wound 
backward  around  the  small  drum  of  the  windlass.  The  chase  chain  is 
attached  to  the  large  drum  and  wound  in,  and  the  wicket  straightens  up 
into  place.  In  order  that  the  wicket  may  not  be  driven  too  violently 
into  its  place,  the  tightening  of  the  breech  chain  must  not  be  neglected. 

To  lower  a  wicket  when  the  dam  is  provided  with  a  tripping  bar, 
the  dam-tender  tiirns  the  windlass  lantil  all  the  wickets  are  lowered 
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ou  the  floor.  He  thou  tlraws  tlie  bar  back  to  its  original  position,  in 
readiness  for  the  next  operation.  If  the  bar  is  out  of  order,  or  if  the 
dam  is  not  provided  with  one,  and  there  is  no  foot-bridge,  the  boat  is 
placed  about  22  ft.  above  the  wicket  and  parallel  to  the  current.  An 
assistant  pulls  the  chase  up  stream  with  a  boat-hook,  so  as  to  take  the 
pressure  off  the  prop.  Another  assistant  in  a  skiff  pulls  the  prop  from 
its  position  with  a  boat-hook. 

If  there  is  a  bridge,  the  chase  chain  is  made  fast  to  the  windlass 
and  the  wicket  is  drawn  up  stream  slightly.  The  prop  may  be  then 
pushed  out  of  place.  When  the  w'ickets  are  all  lowered,  the  trestles 
are  also  lowered.  More  recent  forms  of  hurters  permit  the  wickets  to 
fall  without  ijushing  the  prop  sideways.  This  is  accomplished  by 
pulling  up  stream  on  the  wicket  until  the  prop  drops  out  of  the  part  of 
the  hurter  in  which  it  has  rested  into  a  part  having  an  open  channel. 
Then,  by  releasing  the  pulling  chain,  the  wicket  will  fall.  This  method 
is  in  use  in  this  country,  but  it  is  believed  that  fully  as  good  results 
would  be  attained,  at  least  on  the  smaller  rivers,  with  a  properly  con- 
sti'ucted  tripping  device,  with  the  additional  advantage  that  the  wickets 
could  be  thrown  after  ice  had  formed  against  the  dam,  it  not  being 
necessary  to  move  the  wickets  up  stream  before  lowering.  There  are 
many  times  when  the  dam  has  to  be  lowered  too  soon  on  this  account, 
and  much  damage  is  done  to  loaded  barges  by  lowering  the  water  in 
the  pool  above. 

Port  a  V Anglais  Dam. — The  Port  a  I'Anglais  dam,  located  just 
above  Paris,  is  one  of  the  most  complete.  It  consists  of  a  lock,  a 
navigable  pass,  a  weir  and  a  sluice.  The  lock  is  on  the  left  bank  of 
the  river.  It  is  089  ft.  long,  and  52|  ft.  wide  inside.  The  inside 
length  is  590  ft.  The  water  on  the  lower  miter-sill  is  always  6^  ft. 
deep.  The  lock  receives  two  rows  of  boats  25^  ft.  wide.  The  old 
navigable  pass  is  179^  ft.  from  the  exterior  of  the  lock  to  the  first 
pier.  This  portion  of  the  dam  is  closed  by  42  Chanoine  wickets,  each 
9  ft.  10  ins.  high  by  3  ft.  11  ins.  wide,  with  a  space  of  4  ins.  between 
each.  The  sill  of  this  pass  is  6.65  ft.  above  the  lower  miter-sill  of 
the  lock.  It  is  oj^erated  by  a  boat  and  a  tripping  rod.  The  weir 
is  124^  ft.  from  pier  to  pier.  It  is  closed  by  27  wickets,  each  6  ft. 
7  ins.  high  by  4  ft.  3  ins.  wide,  after  the  pattern  of  M.  Chanoine.  A 
foot-bridge  of  27  trestles,  supplied  by  a  rolling  windlass,  operates  the 
wickets. 
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The  sluice  is  94^^  ft.  from  the  pier  to  the  abutment  on  the  right 
bank.  It  is  called  the  new  navigable  pass.  Its  sill  is  4.26  ft.  above 
the  lower  miter-sill  and  2.33  ft.  below  the  sill  of  the  old  pass.  The 
upper  pool  varies  from  12  ft.  2  ins.  to  13  ft.  5  ins.  above  this  sill,  and 
as  much  as  9  ft.  10  ins.  above  the  lower  jjool.  The  sluice  is  closed 
with  Chanoine  wickets  9  ft.  10  ins.  high  by  3  ft.  11  ins.  wide.  The 
wickets  are  modified  in  some  ways  to  sustain  the  great  lift.  With  a 
weight  of  13  000  to  15  000  lbs.  against  the  upper  surface  of  each 
Avicket,  they  must  be  made  as  narrow  as  is  consistent  with  the  stability 
of  the  horses.  They  are  made  of  two  8-in.  x  12-in.  stiles,  12  ft.  8  ins. 
long,  connected  by  four  transoms  and  strengthened  by  iron  straps 
and  bolts.  They  are  made  water-tight  by  tongued  and  grooved  planks 
nailed  between  the  transoms.  A  space  of  4  ins.  is  left  between 
wickets  to  prevent  interference,  and  this  may  be  closed  in  one  of 
several  ways  already  discussed. 

The  La  Mulatiebe  Dam  on  the  Saone,  at  Lyons. 

The  most  advanced  ideas,  as  applied  to  the  general  details  of  con- 
struction of  a  wicket  dam,  may  probably  be  found  in  the  dam  about 
to  be  described.  Its  designer,  M.  Pasqueau,  not  only  changed  the 
methods  theretofore  in  use  for  maneuvering  wicket  dams,  but  also 
made  radical  departures  from  established  custom  in  constructing 
the  various  parts.  He  doubled  the  span  of  the  trestles  and  s-uppressed 
their  axle,  as  well  as  made  numerous  smaller  improvements;  and  he 
applied  a  new  kind  of  hurter  or  resting  shoe  for  the  prop  of  the  wicket, 
by  which  it  was  made  possible  to  lower  the  wicket  without  the  use  of 
a  trii^ising  bar.  This  invention  has  since  had  wide  application  in  the 
United  States,  on  the  Great  Kanawha  and  Ohio  rivers. 

Conditions  to  be  Met. — The  movable  dam  constructed  at  La  Mula- 
tiere,  1879,  is  located  at  the  junction  of  the  Saone  and  Rhone  rivers. 
Owing  to  the  peculiar  condition  to  be  met,  all  dams  theretofore  known 
or  proposed  had  been  rejected.  These  conditions  were  met  by  the 
system  proposed  by  Pasqueau  and  carried  into  effect  in  this  dam.  The 
conditions  were  that  the  Rhone,  a  torrential  stream,  which  rises  and 
falls  very  rapidly,  nearly  always  forced  back-water  into  the  mouth  of 
the  Saone,  and  that  consequently  the  rise  came  from  below  the  dam 
instead  of  from  above  it.  So  that  the  pass  mustremain  closed  until  the 
water  of  the  Rhone  reached  the  level  of  the  upper  pool.     The  dam 
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muat  then  be  opened  very  rapidly,  to  prevent  the  overflow  of  the  foot- 
bridge. It  must  also  be  closed  rapidly,  to  prevent  the  level  of  the 
upper  pool  from  falling  too  low  by  reason  of  the  subsiding  of  the 
Khone.  It  is  necessary  to  keep  this  dam  at  the  constant  level  of  8  ft. 
on  the  sill,  as  the  obstructions  to  be  flooded  are  so  near  the  dam. 
The  dam  is  within  1  500  ft.  of  the  St.  Etienne  Railroad  Bridge,  and  the 
large  and  heavy  freight  boats  navigating  the  stream  must  make  a  sharp 
turn  between  the  bridge  and  the  dam.  Hence  piers  in  the  river  would 
have  been  dangerous.  Moreover,  the  dam  had  to  be  built  with  a  view 
to  sustaining  great  floods  in  the  Saone,  and  to  retaining  a  pool  13. 1 
ft.  above  the  sill  of  the  pass. 

Description. — Modified  Chanoine  wickets  are  usedj  but  the  feature 
of  the  La  Mulatiere  dam  is  the  double-stepped  hurter  of  M.  Pasqueau. 
By  the  use  of  this  hurter,  the  foregoing  conditions  were  satisfactorily 
met.  The  tripping  bar  was  done  away  with.  In  front  of  the  usual 
step  (called  the  resting  step)  the  hurter  was  provided  with  a  second 
step  (called  the  sliding  step).  The  face  of  the  sliding  step  is  vertical 
and  forms  an  acute  angle  with  the  axis  of  the  runway.  Iron  wickets 
are  used.  Wood  lasts  only  ten  years.  The  panels  are  14.3  ft.  by  4.6 
ft.  They  are  formed  of  two  bars  of  (J-ii'on  7^  ins.  by  |  in.  and  2.95  ft. 
apart.  They  are  covered  by  -rB-in.  plate-iron,  projecting  10  ins.  be- 
yond the  uprights,  supported  by  braces  and  stiffened  by  angle-irons 
put  on  the  edges.  A  flutter  valve  5  ft.  by  3  ft.  is  built  into  the  chase 
of  each  wicket.  It  is  held  in  place  by  a  bell-crank  and  operated  by  a 
cane-headed  pole  from  the  bridge. 

The  ordinary  journal  boxes  of  the  horse  are  not  used.  The  lower 
axle  of  the  horse  is  replaced  by  a  steel  journal  box  having  three  checks 
into  which  the  lower  eyes  of  the  uprights  of  the  horse  of  the  adjacent 
wickets  fit.  They  are  held  in  jjlace  by  2f-in.  bolts.  The  sill  is  of  cast 
iron,  from  1^  to  23-  ins.  thick,  and  lasts  as  long  as  the  floor.  A  steam 
windlass  is  used  in  maneuvei-ing  the  wickets.  The  time  required  to 
lower  the  whole  dam  is  4i  hours,  and  to  raise  it  8  hours.  A  wide-span 
service-bridge  is  used,  with  trestles  9.8  ft.  apart.  The  trestles  are  22.3 
ft.  high,  and  when  down  they  superpose  in  only  three  ranks.  The 
axle  of  the  old-style  trestle  is  superseded  by  pin  connections  with  the 
journal  boxes  on  the  floor.  The  bedding  trench  is  thus  reduced  from 
4  ft.  to  28  ins.  in  depth.  Two  axles  at  the  top  of  each  trestle  enable 
the  adjacent  sections  of  flooring  to  lie  end  to  end,  and  decrease  the 
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depth  of  the  trench.  The  windlass  carries  a  guiding  bar,  which  lowers 
each  section  of  floor,  without  shock,  and  holds  it  firmly  in  jjlace  while 
the  trestle  is  being  lowered.  The  trestles  are  symmetrically  built  in 
the  form  of  a  double  St.  Andrew's  cross  and  i^ossess  great  rigidity. 
They  do  not  silt  up  as  badly  as  those  in  which  the  up-stream  leg  is 
vertical.  The  raising  of  the  wickets  is  done  as  in  any  dam.  The  dam- 
tender  i^ulls  on  the  breech  chain  until  the  prop  falls  into  the  resting 
step.  He  then  slackens  the  chain  and  rights  the  wicket.  To  lower 
the  wicket,  he  draws  in  the  breech  chain  until  the  wicket  swings,  and 
continues  to  draw  in  until  the  prop  falls  into  the  sliding  step.  He  then 
pays  out  the  chain  by  the  brake  on  the  windlass.  The  prop  automat- 
ically slides  obliquely  toward  the  runway  and  into  it,  and  the  wicket 
falls  without  shock. 

The  first  advantage  claimed  for  this  hurter  is  that  it  obviates  the 
use  of  a  tripping  bar.  The  greatest  width  of  pass  that  has  been  oper- 
ated by  the  use  of  a  tripjiing  bar  is  160  ft.  Any  width  desired  may  be 
given  to  the  pass  if  this  hurter  is  used,  each  being  complete  in  itself. 
The  pass  in  this  dam  is  340  ft.  wide,  with  no  piers  in  the  stream. 

Kanawha  Dams. 

The  system  of  movable  dams  on  the  Great  Kanawha  Eiver,  the 
last  of  which  is  now  nearing  completion,  furnishes  the  only  ex- 
ample of  its  kind  in  this  country.  The  description  of  this  improve- 
ment, written  by  the  engineer  in  charge,  Addison  M.  Scott,  M.  Am. 
Soc.  C.  E.,  and  published  by  the  Government,  is  abridged  and  given, 
below. 

General  Description. — The  movable  dams  are  of  the  Chanoine  wicket 
type,  operated  from  trestle-service  bridges.  In  general  features  they 
are  all  alike,  and  are  divided  into  pass  and  weir.  Dams  Nos.  4  and  5 
were  completed  and  put  in  operation  in  1880,  and  were  the  first 
movable  dams  in  connection  with  slack-water  improvement  built  in 
America.  Dam  No.  6  was  completed  in  1886.  Nos.  7  and  8  wei'e  com- 
l^leted  during  the  season  of  1892,  and  9  and  10  in  1897.  No.  11  is  near- 
ing completion. 

The  experience  with  movable  dams  on  this  river  has,  on  the  whole, 
been  very  satisfactory.  They  are  easily  and  rapidly  maneuvered, 
the  expense  of  operation  and  maintcuauoe  is  but  little,  if  any,  moie 
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than  with  fixed  dams,  and  thev  prove  highly  satisfactory  to  the  river 
interests. 

Adoaatnges  Over  Fixed  Daum. — The  movable  dams  are  kept  uj) 
whenever  there  is  not  water  enough  in  the  river  for  eoal-boat  naviga- 
tion and  down  at  other  times.  Their  advantages  over  the  ordinary 
fixed  dams,  for  a  river  like  the  Great  Kanawha  and  having  a  similar 
commerce,  are  decided;  furnishing  the  benefits  of  the  usual  slack  water 
without  its  most  serious  drawbacks.  With  fixed  dams  everything 
111  list  i^ass  through  the  locks;  with  them  navigation  is  entirely  sus- 
pended too,  when  the  river  is  near  or  above  the  top  of  the  lock  walls. 
With  movable  dams  the  locks  are  only  used  when  the  discharge  of  the 
river  is  so  small  as  to  make  them  necessary.  At  all  other  times  they 
are  down,  i^ractically  on  the  river  bottom,  out  of  the  way  and  afford- 
ing unobstructed  open  navigation.  This  is  of  great  advantage  to  all 
classes  of  commerce,  and  is  particularly  so  with  coal,  transported  as  it 
is,  and  empty  barges  returned  in  "fleets"  of  large  barges.  More 
barges  can,  of  course,  be  taken  by  a  towboat,  and  much  better  time 
made  by  all  kinds  of  craft  in  "  open  river,"  when  there  is  water  enough 
for  such  navigation,  than  when  the  stage  or  discharge  compels  the 
use  of  the  locks.  The  movable  dams  being  down  in  high  water,  thei'e 
is  comparatively  little  difficulty  in  i^rotecting  the  banks  about  the 
works  from  scour.  In  this  respect  they  also  have  considerable  ad- 
vantage over  the  fixed  dams. 

Modificntiona,  Cost  of  Operating,  Etc. — Experience  with  the  dams  has 
naturally  suggested  improvements,  and  the  last  ones  completed  have 
considerable  advantages  over  those  first  built  in  strength  and  dura- 
bility of  construction,  facilities  for  rapid  maneuvering  and  cost  of 
operation  and  maintenance. 

The  average  cost  of  operating  and  maintaining  one  lock  and  dam 
has  been  S2  515  per  year.  This  covers  wages,  supplies,  repah-s,  in- 
cluding considerable  addition  to  the  rip-rapping,  and  all  expenses 
connected  with  the  work.  The  entire  cost  during  five  years  of  repairs 
on  one  dam  proper  and  on  all  of  its  apparatus,  including  paints,  one 
of  the  princij^al  items,  has  been  something  less  than  $250,  or  an  average 
of  S50  per  year. 

These  dams  are  put  up  by  four  or  five  men  in  from  seven  to 
twelve  hours;  the  usual  time  being  about  eight  houi's.  They  are 
lowered   with    the   same   force   in   about    two    hours.      No   material 
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diflSculty  lias  ever  been  met  with  in  any  of  tlie  maneuvers.  Four 
men  are  employed  regularly  at  each  work,  the  same  as  at  the  fixed 
dams.  In  raising  and  lowering  the  dams,  one  or  two  extra  men  are 
often  hired. 

Maneuvering  the  Dams. — The  operation  of  raising  and  lowering  the 
dams  may  be  briefly  described  as  follows  :  In  raising  the  pass  the 
bridge  is  first  put  up  trestle  by  trestle,  beginning  at  the  lock.  As  the 
trestles  come  up,  and  with  them  the  aprons  that  make  the  walk,  the 
rails  forming  the  connections  and  the  winch-track  are  placed.  In 
raising  the  trestles  the  winch  is  used  by  means  of  a  small  top- crane 
and  sheave.  After  the  bridge  is  up  the  wickets  are  pulled  up  one 
by  one  with  the  winch  and  wicket  chains  i;ntil  the  props  droji  into 
the  hurter  seats.  The  wickets  are  not  erected  or  "righted"  as  fast 
as  pulled  up,  but  left  "on  the  swing"  {en  bascule),  that  is,  with  the 
horse  erect,  the  end  of  the  prop  in  the  hurter  seat  and  the  wicket  in 
a  horizontal  jiosition  at  the  top  of  the  horse.  In  this  position  the 
water  passes  freely  under  the  wicket.  If  righted  as  fast  as  pulled  up 
the  head  of  water  becomes  so  great  that  the  last  wickets  cannot  be 
safely  handled  with  the  winch.  After  being  put  on  the  swing  clear 
across,  they  are  all  rapidly  righted.  This  is  done  with  the  drum 
and  brake  on  the  winch  and  wicket  chain,  the  butt  of  the  wicket  being 
held  against  the  pressure  of  the  water  and  let  against  the  sill  without 
shock.  In  lowering  the  pass  the  wickets  are  pulled  up  stream  a  few 
inches  with  the  winch  by  a  simple  line  and  grab  connection  at  the  top 
of  the  wicket.  This  carries  the  foot  of  the  proji  out  of  the  seat  into  the 
descending  channel  of  the  hurter,  when  the  grab  is  disengaged  and 
the  wicket  falls.  After  the  wickets  are  loAvered,  the  bridge  is  put 
down.  The  maneuvers  briefly  described  above  refer  particularly 
to  the  navigation  pass.  The  weir  is  maneuvered  on  the  same  general 
plan,  but  the  weir  wickets,  being  smaller  than  those  of  the  pass,  can  be 
raised  or  lowered,  put  on  the  swing,  or  righted  with  full  head  when- 
ever desired.  The  maneuver  of  the  weir  when  the  dam  is  up  is  gov- 
erned by  the  stage  or  discharge  of  the  river,  it  being  kept  wholly  or 
partly  raised  as  required  to  regulate  the  surface  of  the  pool.  A  pass 
wicket,  for  reasons  given  above,  is  never  lowered  or  swung  unless  the 
whole  dam  is  to  go  down. 

Telephone  Line,  Equipments,  Etc. — Concert  of  action  is  necessary  in 
maneuvering  the  dams  and  regulating  tlie  pools,  and  the    diflerent 
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■works  are  connected  with  each  other  and  with  the  central  office  at 
Charleston,  by  tele{>hone.  The  line  is  also  extended  to  Kanawha  Falls 
to  give  notice  of  floods,  and  daily  commnnication  by  mail,  and  by 
telegraph  when  necessary,  is  had  with  Hinton  at  the  mouth  of  the 
Greenbrier,  60  miles  above  the  Falls. 

A  light  service  boat,  furnished  with  derrick,  cajistan,  and  cabin, 
is  required  at  each  movable  dam  to  assist  in  the  maneuvers  and  to 
transport  bridge  rails,  tools,  etc.  A  comi^lete  diving  outfit  is  also 
necessary  at  each. 

On  the  bank,  iu  addition  to  the  houses  for  the  men,  a  drum 
house  and  tramway  to  handle  apparatus  and  tools,  a  carpenter 
shop,  blacksmith  shop,  and  a  storehouse  are  required.  Such 
buildings,  except  the  drum  house,  are  in  use  at  the  fixed  dams 
as  well.  All  of  the  ordinary  repairs  are  made  by  the  regular  lock 
hands. 

Luck  and  Dam  No.  7. — A  brief  description  of  one  lock  and  dam  will 
suffice  for  all.  It  is  located  44  miles  from  the  mouth  of  the  river  and 
is  founded  on  bed-rock  and  hardpau,  a  tough,  indurated  clay,  varying 
in  depth  from  3i  to  S\  ft. 

Lock. — The  lock  is  342  ft.  long  between  quoins,  with  a  clear  width 
of  55  ft.  in  the  chamber.  The  total  length,  not  including  guard  cribs, 
is  411  ft.  The  walls,  including  concrete  foundations,  are  from  27  ft. 
to  31.75  ft.  high;  they  are  uniformly  20  ft.  above  the  top  of  the  miter- 
sills.  The  maximum  lift,  when  dam  No.  8  is  up,  and  the  jjools  are 
full,  is  about  8  ft. ;  with  Xo.  8  down,  the  lift  iu  low  water  would  be 
about  10  ft. 

The  stone  used  is  yellowish  and  bluish  gray,  medium  and  fine- 
grained sandstone  (probably  the  "  Morgantown  "  and  "  Mahoning  ") 
from  three  quarries  along  the  river  from  one  to  seven  miles  above  the 
site.  It  weighs  about  150  lbs.  jjer  cubic  foot,  and  the  crushing  load 
of  2-in.  cubes  varies  from  25  000  to  46  000  lbs.  The  chamber  faces  of 
the  walls  are  of  pointed-face  ashlar,  and  the  other  faces  generally,  ex- 
cept the  back  of  the  land  wall,  of  rock-faced  ashlar.  The  chamber 
corners,  quoins,  sills  and  coping  are  dimension  stone,  bush-hammered. 
The  interior  of  the  walls  and  the  back  of  the  land  wall  and  wings  were 
classified  as  "backing." 

The  gates  are  of  white  oak,  built  without  heel  or  miter  "  posts  "; 
the  main  beams  running  through  and  the  ends  and  center  made  solid 
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by  filling  blocks,  assembled  -with  horizontal  and  vertical  l)olts  and 
keys,  and  spaces  planked.  They  are  suspended  at  the  heel  on  steel 
gudgeons,  and  by  top  fastenings  and  anchorage,  all  below  the  level 
of  the  cojnng.  Each  leaf  weighs  complete  about  '671  tons.  The  lock 
is  filled  and  emptied  by  valves  in  the  gates,  each  leaf  having  five  cast- 
iron  valves  hung  horizontally  in  a  wrought  frame.  The  net  filling 
and  emptying  areas  are  each  close  to  68  sq.  ft.  The  valves  are 
maneuvered  by  racks  and  jjinions  and  the  gates  by  spars  and  cai^stans. 
The  lock  was  built  under  a  contract  that  covered  the  lock  complete, 
except  the  gates.  It  included  coffer-damming,  pumping  and  bailing, 
and  the  furnishing  of  all  work  and  of  all  materials,  except  the  irons 
built  in  the  masonry,  these  irons  being  supplied  by  the  United  States, 
and  placed  by  the  contractor.  The  aggregate  of  the  contract  was 
SI  60  630.24. 

Dam. — The  dam  is  of  the  Chanoine  wicket  type,  operated  from  a 
trestle  service-bridge.  It  is  divided  into  two  main  parts,  the  naviga- 
tion pass  and  the  weir,  or  into  four  parts  beginning  at  the  lock,  viz., 
the  navigation  pass,  center  pier,  weir  and  abutment. 

The  pass  foundations  all  rest  on  concrete,  the  latter  extending  to 
bed-rock  under  the  ujiper  and  lower  or  exterior  walls,  and  at  the 
wicket  and  trestle  anchorage,  and  to  hardjjan  elsewhere.  The 
foundations  are  50  ft.  long,  up  and  down  stream,  between  neat  line 
of  walls.  The  surface  or  apron  of  the  pass  is  entirely  of  masonry, 
except  the  wicket  sill  and  the  timbers  for  the  horse  and  trestle  boxes. 

The  jjass  is  248  ft.  wide.  It  is  closed  by  62  wickets  spaced  4  ft. 
between  centers.  The  wickets  are  of  oak  with  pine  panels,  framed 
and  ironed.  They  are  3  ft.  8  ins.  wide,  the  space  between  them  being 
4  ins.  wide  and  14  ft.  G|^  in.  long.  The  axis  of  rotation  is  6  ft.  10  ins. 
from  the  butt  of  the  wicket,  and  5  ft.  11  ins.  vertically  above  the  top 
of  the  sill.  The  tops  of  the  wickets  stand  13  ft.  vertically  above  the 
sill.  The  inclination  with  the  vertical  is  20-,  and  the  lap  on  the  sill 
is  5  ins.  These  wickets  are  a  few  inches  longer  than  any  before  built 
on  the  river. 

The  service-bridge  of  the  pass  is  made  by  thirty  wrought-iron 
trestles,  with  attached  aprons  for  walk  and  connecting  rails.  The 
trestles  arc  8  ft.  apart  between  centers.  The  floor  of  the  bridge  is  16 
ft.  9|  ins.  above  the  center  of  the  bottom  axis  of  the  trestles  and  2  ft. 
6  ins.  above  the  top  of  the  wickets  or  normal  pool  level.     The  trestles 
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are  connecteJ  by  chains  tor  use  in  raising,  the  aprons  forming  part  of 
this  connection,  and  have  forged  stops  in  which  to  fasten  the  wicket 
chains.  The  \vickets  and  bridge  are  anchored  by  l^-in.  rods  and  cast 
discs,  built  in  the  foundations,  s^jaced  4  ft.  apart  for  both  wickets 
and  bridge. 

The  masonry  of  the  down-stream  wall  of  the  weir  extends  to 
bed-rock,  the  remainder  of  the  foundations  resting  on  the  hard- 
pan.  The  space  between  the  u^jper  and  lower  walls  is  tilled 
partly  with  concrete  and  partly  'v\Tth  clay  and  gravel,  the  concrete 
being  used  about  the  anchorage  and  immediately  under  the  surface 
masonry. 

The  weir  is  316  ft.  wide,  closed  by  79  wickets  set  4  ft.  between 
centers.  The  wickets  are  3  ft.  9  ins.  wide  (the  space  being  3  ins.),  and 
9  ft.  2§-  ins.  long.  The  axis  of  rotation  measured  on  the  wicket  is  4  ft. 
from  the  butt,  and  vertically  3  ft.  4^  ins.  from  the  top  of  the  sill.  The 
top  of  the  wicket  is  8^  ft.  vertically  above  the  sill.  The  inclination 
with  the  vertical  is  20°,  and  the  lap  on  the  sill  is  a  fraction  less  than 
4  ins.  These  weir  wickets  are  from  1^  to  3|-  ft.  longer  than  at  the 
older  dams  on  the  river. 

The  weir  service- bridge  is  made  by  39  trestles,  spaced,  except  at 
ends,  8  ft.  between  centers.  In  general  form  of  construction  it  is 
like  the  pass  bridge,  the  trestles  having  attached  iron  aprons,  con- 
necting chains  and  stops  for  wicket  chains,  etc. 

The  upiJer  surfaces  of  the  weir  foiindations  of  the  Great  Kanawha 
dams  are  all  a  little  above  natural  low-water  mark.  On  account  of 
this,  in  recent  construction,  beginning  with  Dam  No.  6,  the  surface  is 
made  entirely  of  masonry  (except  the  upper  guard  stick  and  wicket 
cushions,  both  easily  renewed),  and  the  trestle  boxes,  wicket  sill  and 
hurters  are  fastened  directly  to  the  coping  by  wedge  bolts.  The 
wicket  sill  is  of  cast  iron,  made  in  sections,  with  the  horse  boxes 
attached.     The  sill  is  anchored  by  rods  and  discs. 

The  foundations  and  masonry  of  the  dam  were  built  by  a  contract 
that  covered  the  work  complete,  ready  for  the  wickets  and  trestles. 
It  embraced  cotfer-damming,  pumping  and  bailing,  and  the  furnish- 
ing of  all  work  and  of  all  materials,  except  the  iron  built  into  or 
attached  to  the  work,  these  irons  being  furnished  by  the  United 
States  and  put  in  place  by  the  contractor.  The  aggregate  of  the  con- 
tract, as  above,  is  $118  215. 
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The  estimate  for  the  lock  and  dam  complete  is  as  follows: 

The  lock S160  630 

Irons  built  in  masonry  of  lock 1  093 

Lock  gates  complete 7  800 

$169  523 

Foundations  and  masonry  of  dam .^118  215 

Iron  work  in  anchorage  and  fixed  parts  of 

dam 5  500 

Iron  work  in  movable  parts  of  dam 12  700 

Wood  work  of  wickets 2  350 

Diving  aiJi^aratns  and  service  boat 1  300 

140  065 

Land  at  site,  buildings,  engineering,  suijerintendence 

and  incidentals 34  012 

Total $3AS  600 

The  Ohio  Dams. 

The  Chanoine  wicket  dam  with  Pasqueau  hurters  at  Davis  Island, 
a  few  miles  below  Pittsburg,  affords  the  sole  example  of  a  wicket  dam 
with  wide  pass  in  America.  Originally  the  movable  part  consisted  of 
a  navigation  pass  559  ft.  wide,  and  three  weirs,  224,  224  and  216  ft.  wide, 
respectively.  Later,  the  first  weir  was  shortened  by  the  consti'uction 
of  a  drift-gajj  52  ft.  in  width  closed  by  bear-trap  gates,  and  the  pier 
between  it  and  the  pass  removed,  so  that  now  the  navigation  pass  is 
719  ft.  wide.  The  description  here  given  is  compiled  from  one  written 
by  the  engineer  in  charge,  William  Martin,  in  1886,  and  published  in 
Engineering  New^. 

General  Description. — The  Chanoine  dam  at  Davis  Island  is  the  first 
of  a  series  of  movable  dams  devised  for  the  radical  imj^rovement  of 
the  Ohio  River.  It  is  located  5j  miles  below  Pittsburg,  and  is 
designed  to  make  slack  water  between  the  dam  and  Lock  No.  1,  on  the 
Monongahela  River,  and  on  the  Allegheny  River  to  Thirty-sixth 
Street,  2.!  miles  above  its  mouth. 

The  lock  is  located  on  the  north  side  of  the  Ohio.  The  distance 
between  the  gates  of  the  lock  is  600  ft.,  and  the  total  width  of  the 
lock  is  110  ft.  The  noteworthy  difference  between  this  and  ordinary 
locks  is  in  the  employment  of  rolling  instead  of  swinging  gates,  and 
in  the  conHtruction  of  recesses  for  the  reception  of  the  gates  when 
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open.  These  recesses,  or  slips,  are  built  towards  tbo  shore,  from  the 
lock,  a  distance  of  120  ft.  The  total  length  of  the  river  lock  wall  is 
689  ft.  The  wall  is  11  ft.  thick,  and  has  a  height  of  17  ft.  above  and 
2^  ft.  below  the  gate  sill,  making  a  total  height  of  19^  ft.  The  land 
Avail  (including  the  development  of  the  recesses  for  the  gates)  is  1  169 
ft.  long. 

The  movable  dam  begins  at  the  river  lock-wall,  at  a  point  100  ft. 
above  the  lower  lock-gate,  and  extends  to  the  abutment  on  Davis 
Island.  The  dam  is  1  228  ft.  long,  and  is  composed  of  305  wickets, 
divided  into  four  sections.  The  main  sills  of  the  weirs  have  the  follow- 
ing reference  to  that  of  the  navigable  pass.  Weir  No.  1,  1  ft.  above. 
No.  2,  2  ft.  above,  and  No.  3,  3  ft.  above.  This  stepping  of  the  sills 
was  necessary  in  order  to  make  the  profile  of  the  dam  conform  to  the 
natural  bed  of  the  river. 

Dam. — The  floor  of  the  dam  is  a  framed  structure  composed  prin- 
cipally of  12  X  12-in.  white  oak  timbers,  framed  in  such  a  manner  as 
to  form  a  rigid  combination.  This  framework  was  built  in  the  foun- 
dation at  the  jjroiJer  height,  and  the  concrete  built  up  around  the 
timbers,  thoroughly  imbedding  them.  On  the  foundation  thus  pre- 
pared, and  composed  of  the  concrete  anchorage  and  frame  structure 
referred  to,  the  dam  is  secured.  The  wicket  anchor  bolts  pass  up 
through  the  timber  structures,  and  through  a  cast-iron  box  called  the 
"horse  box."  This  box  forms  the  fastening  for  the  lower  axis  of  the 
horse,  and  is  the  chief  connection  holding  the  dam  in  i)osition.  Each 
wicket  is  composed  of  a  horse,  a  i^rop  and  a  jjanel,  or  shutter.  The 
lower  axis  of  the  horse  is  secured  to  the  horse  box;  the  upper  axis  is 
attached  to  the  panel  near  the  center,  around  which  the  panel  is  free 
to  rotate.  The  wickets,  when  in  position,  are  inclined  down  stream  at 
an  angle  of  20°  with  the  vertical,  the  lower  end  or  breech  resting 
against  the  main  sill,  while  the  upper  end  is  supported  at  the  upper 
axis  of  the  horse  by  the  prop,  which  rests  against  a  cast-iron  socket, 
secured  to  the  foundation  and  called  a  "hurter."  Thus  the  dam  is 
formed  by  a  series  of  wickets  extending  across  the  river.  Each  wicket 
is  3  ft.  9  ins.  wide,  with  a  space  of  3  ins.  between  them.  This 
space  is  to  prevent  the  wickets  from  becoming  foul  with  each  other, 
which  would  jirevent  their  free  movement.  The  spaces,  during  very 
low  stages  of  the  river,  can  be  closed,  if  necessary,  thus  saving  the 
water  to  maintain  the  pool  at  its  full  height. 
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The  ai'rangement  by  which  each  wicket  is  hehl  iu  position  and 
lowered  to  the  bed  of  the  river  at  will  may  be  described  as  a  sort  of  fold- 
ing joint.  All  parts  when  lowered  assume  a  horizontal  position,  and  lie 
below  the  main  sill,  insuring  safety  from  steamboats  or  floating  objects. 

The  navigable  pass  is  worked  by  a  maneuvering  boat,  made  of  steel. 
The  wicket  winch  is  located  in  the  center  of  the  boat,  and  the  line 
from  the  winch,  by  which  the  wickets  are  raised,  changes  its  dii'ection 
by  i^assing  over  a  steel  sheave,  mounted  at  the  bow.  Eight  outriggers, 
susjoended  on  the  side  of  the  boat,  serve  a  double  purpose,  forming  a 
platform  for  the  workmen  and  keeping  the  boat  far  enough  from  the 
face  of  the  dam  to  permit  the  breech  of  the  wicket  that  is  being  raised 
to  swing  past  the  sheave  to  its  seat  against  the  main  sill  of  the  dam. 
On  the  outer  ends  of  each  of  the  two  forward  outriggers  a  buffer  4|- 
ins.  thick,  12  ins.  wide,  and  6^  ft.  long,  is  fixed,  and  rests  against  the 
wickets  raised.  These  buffers  have  a  high  and  low  position,  the 
former  for  working  in  low  water  and  the  latter  in  high  water.  This  is 
for  the  pu.rpose  of  keeping  the  point  of  bearing  on  the  wicket  below 
the  axis  of  rotation,  to  prevent  the  wicket  swinging  when  the  pressure 
required  to  raise  a  wicket  is  brought  upon  it.  The  line  from  the  winch 
in  the  boat  has  a  maneuvering  pole  attached  to  its  end,  and  the  end  of 
this  jjole  has  a  hook  with  which  the  operator  grapples  the  wickets. 
The  location  of  the  wickets  sought  can  be  almost  definitely  fixed  by 
the  one  last  raised;   rarely  has  the  hook  to  be  cast  more  than  twice. 

In  lowering  the  dam  it  is  only  necessary  to  catch  a  wicket  at  the 
top,  and  draw  it  forward  until  the  prop  drops  oflf  the  inclined  step  on 
the  hurter,  the  wicket  is  then  released,  and  the  pressui'e  of  water 
against  it  forces  the  prop  into  the  downward  channel  of  the  hiirter, 
when  the  wicket  falls  gently,  and  without  any  shock,  into  its  position 
in  the  bed  of  the  river. 

A  second  dam  of  this  character  is  now  under  construction  on  this 
river,  some  25  miles  below  Pittsburg.  It  is  to  have  a  navigable  i>ass 
600  ft.  long,  closed  by  Chanoiue  wickets,  operated  from  a  maneuver- 
ing boat,  and  three  weirs  of  the  old  style  bear-trap,  each  120  ft.  long, 
separated  from  the  pass  and  from  each  other  by  piers  in  which  are 
located  the  maneuvering  valves.  The  use  of  compressed  air  for  creat- 
ing an  initial  head  in  raising  bear-trap  gates  will  be  tried  experiment- 
ally here,  and  probably  lead  to  a  plan  for  starting  this  sort  of  gate 
without  providing  means  for  creating  an  artificial  head. 
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Eemarks  on  Wicket  Dams. 

Tripping  Bar. — Had  M.  Pasqueau  given  the  same  amount  of  study  to 
improving  the  tripping  bar  that  he  expended  to  encompass  its  aban- 
donment, it  is  probable  that  there  would  be  to-day  wicket  dams  which 
could  be  lowered  in  ice  and  drift  from  the  shore. 

On  the  27  wicket  weirs  of  the  Meuse  and  the  29  dams  between  Paris 
and  Auxerre,  which  have  been  in  ojjeration  for  20  or  25  years,  there 
has  rarely  been  an  injury  to  the  tripping  bars,  althoiigh  they  have 
occasionally  caused  slight  delays  in  opening,  but  never  a  serious  im- 
jjediment  to  the  comj^lete  lowering  of  the  dams. 

The  ability  to  rapidly  drop  the  wickets  from  the  shore  by  simple 
mechanism  after  the  formation  of  ice  or  the  accumulation  of  drift  is 
undoubtedly  to  be  placed  first  among  the  advantages  of  the  Chanoine 
system,  and,  while  it  may  not  be  practicable  to  accomplish  it  on  wide 
openings  by  the  same  means  adopted  on  those  of  less  width,  yet  the 
same  result  may,  in  the  author's  opinion,  be  attained  by  the  applica- 
tion of  different  ideas.  The  ti'ipping  bars  in  use  lie  on  rollers  on  the 
masonry  floor,  and  have  projections  which  successively  engage  with 
and  move  the  props  of  the  wickets  sidewise  when  the  bar  is  put  in 
motion  by  machinery  on  the  pier  or  lock-wall.  The  objection  has  been 
raised  that  the  bars  at  times  become  fouled  by  stones,  timber,  etc.,  and 
refuse  to  act.  They  cannot  be  used  for  wide  passes,  because,  as  it  is 
necessary  for  the  bar  to  move  about  3  ins.  in  order  to  throw  a  prop 
out  of  iJlace,  it  is  plain  that  the  number  of  projections  will  be  limited. 
The  custom  is  to  first  throw  a  few  wickets  separately,  then  by  twos,  and 
then  by  threes,  and  so  on,  the  head  becoming  rapidly  reduced  after  a 
few  wickets  have  been  lowered.  In  this  way  quite  a  length  of  dam  can 
be  thrown  with  a  single  bar,  and,  as  two  bars  can  be  used  on  each 
opening,  operated  from  machinery  at  each  end  of  the  opening,  it  is 
possible  to  apply  this  style  of  bar  to  weirs  up  to  200  or  possibly  300  ft. 
in  width;  but  even  if  they  could  be  made  sufficiently  powerful  to  throw 
very  wide  openings,  the  objection  of  their  becoming  clogged  still  re- 
mains, and  the  author  is  led  to  suggest  a  possible  solution  in  which 
this  objection,  at  least,  will  have  no  weight. 

This  solution  lies  in  placing  the  tripping  apparatus  in  a  practi- 
cally water-tight  conduit  in  the  masonry,  which  conduit  may  be 
pumped  out  or  flushed  at  will.  Without  going  into  details  here,  it 
may  be  stated  that  it  is  believed  that  suitable  apparatus  can  be  devised 
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and  maneuvered  from  tlie  lock-wall  or  pier  to  successively  throw  all 
the  wickets  as  rapidly  as  desired. 

Prop  and  Horse. — The  present  construction  of  prop  and  horse  ren- 
ders a  wicket  unstable,  and  the  oblique  traction  necessary  in  maneu- 
vering makes  it  impossible  to  place  them  adjacent.  This  may  be 
obviated  by  a  more  rigid  connection  between  prop,  horse  and  wicket. 
The  necessity  for  sliding  the  prop  sidewise  out  of  the  hurter  in  lower- 
ing causes  this  trouble,  and  a  method  should  be  adopted  which  will 
permit  the  releasing  of  the  prop  without  moving  it  sidewise.  With 
such  an  arrangement  a  prop  after  the  plan  of  that  proposed  in  the 
dam  of  Janicki,  a  3-shaped  construction,  would  be  best.  A  folding 
proj},  hinged  at  the  bottom  and  having  a  joint  below  its  head,  has  also 
been  proj^osed. 

Hurters. — There  are   in   use:    the   original   Chanoine   or    Thenar d 

hurter,  which  has  a  seat 
against  which  the  prop  rests, 
and  from  which  it  is  pushed 
sidewise  by  a  tripping  bar 
into  a  channel,  down  which 
it  descends;  the  Pasqueau 
hurter,  in  which  the  wicket  is 
pulled  up  stream  until  the 
prop  drops  on  a  lower  step 
which,  by  an  inclined  wall, 
Fig.  3.  leads  to  the  descending  chan- 

nel; and  the  Scott  hurter  which  accomplishes  the  last  result  by  shunt- 
ing the  i^rop  into  the  descending  chute  by  an  inclined  surface  as  it  is 
pulled  up  stream. 

A  hurter  designed  by  the  author  and  his  brother  (Fig.  3)  has  been 
in  use  on  a  trial  wicket  on  the  Great  Kanawha  for  the  past  10  years, 
where  it  is  said  to  work  satisfactorily.  In  this  the  wicket  is  drawn 
up  stream,  as  usual,  until  the  prop  falls  over  a  tongue  hinged  to  the 
hurter,  when,  by  releasing  the  wicket,  the  position  of  the  tongue  is 
reversed  by  the  descending  prop,  so  as  to  cover  the  prop-seat  and 
carry  the  prop  over.  This  admits  of  a  rigid  prop-head  and  requires 
only  a  very  narrow  hurter  with  one  slide. 

The  shunting  of  the  prop  sidewise  may  also  be  effected  by  a  wedge- 
shaped  piece  attached  to  the  side  of  the  foot  coming  in  contact  with  a 
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lug,  cast  on  the  hurter,  as  the  wicket  is  pulled  uj)  stream.  The  fact 
that  the  wickets  must  be  i)ulled  up  stream  against  the  great  head  of 
water,  in  all  of  these  forms,  except  the  original,  in  order  to  lower  the 
dam,  is  a  serious  drawback  to  their  use.  The  other  fact  that  in  all, 
including  the  original  and  exchiding  the  trial  one  mentioned,  the 
prop  must  move  sidewise  in  order  to  strike  the  downward  slide,  is 
also  an  objection  having  weight.  A  hurter  should  be  so  designed  that 
the  pressure  of  water  on  the  wicket  would  assist  in  releasing  the  prop 
rather  than  have  to  be  overcome  when  the  time  comes  to  lower  the 
dam,  and  that  no  lateral  movement  of  the  proji  would  be  required  or 
even  possible.  The  solution  of  this  problem  in  connection  with  a 
suitably  constructed  tripping  device  can,  in  the  avithor's  opinion,  be 
satisfactorily  attained  with  very  simple  appliances. 

Conduit  Tripping  Devices. —  Against  his  former  intention  the  author 
presents  the  following  suggestions: 

Conduit. — Under  the  line  of  the  feet  of  the  props,  when  standing,  is 
a  small  tunnel  or  conduit  reaching  the  whole  length  of  the  opening  to 
be  closed,  and  connecting  at  its  ends  with  the  upjier  and  lower  pools, 
and  also  connecting  with  vertical  wells  in  the  masonry.  By  the  open- 
ing of  valves  at  each  end  of  the  conduit,  when  there  is  a  difference  of 
level  in  the  two  jjools,  a  current  can  be  passed  through  it  for  the  pur- 
pose of  keeising  it  clean.  By  closing  the  valves,  the  contents  of  the 
conduit  may  be  exhausted,  when  desired,  by  a  pump  located  in  one  of 
the  wells  mentioned,  so  that  it  may  be  entered  for  inspection. 

Wlieel  Hurter. — Shafts  of  suitable  size,  of  such  lengths  as  may  be 
desirable,  and  having  bearings  at  intervals,  are  placed  in  the  conduit, 
and  on  these  shafts  are  keyed  flat-faced  wheels  called  hurter  wheels, 
so  spaced  as  to  be  the  same  distance  between  centers  as  are  the 
wickets.  The  top  of  each  of  these  wheels  projects  through  a  slot  in 
the  covering  of  the  condiiit  immediately  down  stream  from  the  foot  of 
the  projjs,  so  that  these  members  may  rest  directly  against  the  wheels. 
One  or  more  cog  or  ratchet  wheels  are  also  keyed  to  each  shaft,  which 
when  engaged  with  suitable  teeth  on  the  tripping  bar,  which  bar  is  also 
in  the  conduit,  will  prevent  all  the  wheels  from  turning.  Each  shaft  will 
have  as  many  hurter  wheels  as  it  is  desired  to  throw  wickets  simulta- 
neously, so  that  the  disengaging  of  the  teeth  from  the  ratchet  or  cog 
wheels  will  lower  as  many  wickets  as  there  are  hurter  wheels  on  that 
shaft,  by  the  pressure  of  the  prop  turning  these  wheels  and  being  car- 
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ried  over  their  tops.  Tlie  Hliaft,  of  course,  must  be  so  jjlaced  as  to  be 
slightly  below  the  line  of  pressure  through  the  prop,  so  that  when  the 
teeth  of  the  trijaping  bar  are  removed  from  the  cogs,  the  wheels  will 
turn;  but  it  should  not  be  low  enough  to  bring  an  unnecessary  strain 
on  the  shaft  when  locked.  The  cog  wheels  will  be  hooded  so  as  not  to 
show  above  the  surface;  and  as  neat  a  fit  as  j^racticable  will  be  made 
about  the  hurter  wheels  so  as  to,  as  nearly  as  possible,  make  the  con- 
duit water-tight  when  being  pumped. 

Sectional  Tripping  Bar. — The  tripping  bar  is  made  in  sections  con- 
nected together  with  links  which  slide  in  slots  near  the  ends  of  the 
sections.  It  is  forced  to  travel  in  a  direct  line  by  suitably  constructed 
guides  and  rollers.  One  end-section  has  a  rack  which  gears  into  a 
pinion  on  a  vertical  shaft  located  in  the  masonry  well,  above  men- 
tioned, the  top  of  which  has  suitable  gearing  for  transmitting  power. 
The  bar  sections  correspond  in  length  to  the  shafts,  and,  when  placed 
abutting  each  other,  their  teeth,  which  are  preferably  on  their  top 
side,  are  in  their  several  cog-wheels.  By  turning  the  capstan  at  the 
masonry,  the  first  section  will  move  toward  it,  and  the  teeth  will  be  re- 
leased from  the  cog-wheels.  This  will  allow  all  the  wheels  on  the  first 
shaft  to  turn  and  thus  throw  the  wickets.  The  link  connecting  the 
first  and  second  sections  will  then  move  the  second  section  by  the  con- 
tinuation of  the  winding  at  the  capstan,  and  its  teeth  will  in  turn  be 
drawn  out  of  the  cogs,  at  which  time  the  third  section  will  be  started 
by  the  tightening  of  its  link.  A  continuation  of  the  winding  will  re- 
lease all  the  wheels  and  throw  all  the  wickets.  The  bar  is  then  re- 
turned to  its  original  position  by  reversing  the  movement  of  the  cap- 
stan, the  links  sliding  in  the  slots  and  permitting  the  several  sections 
to  i)ush  each  other.  The  teeth  and  cogs  are  so  shaped  that  it  is  im- 
possible not  to  engage  with  each  other.  An  indicator  will  show  when 
the  bar  sections  are  all  in  their  proper  places.  The  sections  are  so 
constructed  that  no  foreign  substance  can  lodge  in  the  open  s2Jace  be- 
tween them  when  they  are  being  removed. 

Lever  Tripper. — With  this  method  the  old-fashioned  hurter  is  used. 
Suitably  pivoted  in  the  conduit  are  upright  levers  which  project 
through  the  conduit  covering  alongside  the  projjs.  The  moving  of 
the  long  arms  of  the  lever  in  one  direction  will  cause  the  short  end  to 
press  against  the  bottom  of  the  props  and  push  them  out  of  the  seats 
into  the  descending  slides.     The  level's  can  be  set  and  connected  to 
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throw  simultaneously  as  many  wickets  as  desired.  Lugs  on  the  trip- 
ping bar  are  brought  in  contact  with  the  levers  in  succession  to  accom- 
plish their  movement. 

Li/ting  Tripper. — Immediately  under  the  foot  of  each  i^rop  is  a 
vertical  pin.  The  bottom  of  this  pin  is  in  the  conduit,  where  it  is  held 
rigidly  in  place  by  a  casting  a  few  inches  a])ove  the  end.  When  the 
tripping  bar  is  set  in  motion,  siiitably  shaped  projections  must  jjass 
iinder  these  pins,  and  this  they  can  only  do  by  raising  the  pin  and  with 
it  the  foot  of  the  prop,  which  is  lifted  out  of  its  seat.  The  wicket  is 
thus  deprived  of  its  support  and  falls.  The  hiirter  for  this  device  need 
have  but  one  slide,  and  the  prop-head  may  be  rigidly  attached  to  the 
wicket.  As  many  wickets  as  desired  may  be  lowered  simultaneously 
by  this  method,  by  connecting  the  bottoms  of  the  pins.  Levers  may 
also  be  used  in  connection  with  the  pins  if  it  is  desired  to  increase  the 
power.  Arrangements  for  the  reduction  of  friction,  and  the  shutting 
out  or  reduction  of  leakage  when  desirable,  are  to  be  made  in  any  con- 
duit device;  in  the  last  mentioned  the  pins  should  be  of  material 
which  will  rust  very  little. 

BouLE  Gates. 

Original  Form. — The  two  principal  types  of  movable  dam  in  use 
have  been  described,  and  other  forms  less  known  will  now  be  taken  up 
and  considered  in  as  little  sj^ace  as  possible. 

The  first  of  these  is  the  Boule  gate  which  has  had  a  fair  trial,  in 
France,  at  Suresnes  and  Marly  and  other  places,  and  in  Kussia,  and 
is  Avell  liked.  In  the  latter  country  the  gates  are  mere  planks  0.08  ft. 
wide,  with  pegs  near  the  ends  worked  by  hooked  poles.  This  dam,  in- 
vented by  M.  Boule  in  1874,  consists  in  the  substitution  of  the  ordin- 
ary gates  of  hydraulic  works  for  the  Poiree  needles.  The  Poii-ee 
trestles  are  used  and  all  the  mechanism  of  the  Poiree  dam,  with  the  ex- 
ception above  mentioned.  The  gates  are  made  to  slide  vertically  be- 
tween the  ti*estles.  They  are  raised  and  lowered  by  one  maneuvering 
screw  or  jack,  and  are  sent  to  the  store-house  by  way  of  the  service- 
bridge,  either  upon  the  car  or  carried  by  the  assistants.  The  gates  are 
made  small  enough  to  render  them  easily  handled.  They  are  attached 
to  the  hoisting  machine  by  chains,  which  are  constantly  fastened  to 
each  gate,  or  by  a  pole  or  boat-hook,  hooked  into  the  handle  of  the 
gate;  the  latter  being  constructed  like  the  handle  of  a  Chanoine  wicket. 
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The  trestles  must  be  biiilt  close  enough  together  to  sustain  the 
weight  without  increasing  their  dimensions  too  greatly.  The  width 
from  trestle  to  trestle  should  not  exceed  3.28  ft.;  hence,  the  width  of 
the  gates  is  the  same  as  that  of  the  trestles.  The  height  of  the  gates 
should  not  be  so  great  as  to  make  them  burdensome  to  handle.  On 
this  account  each  bay  is  tilled  with  several  gates,  one  above  the  other. 
The  essential  feature  of  this  dam  is  several  rows  of  rectangular  gates 
arranged  horizontally. 

Maneuvers. — To  open  this  dam  the  procedure  is  the  same  as  to 
open  the  old-time  stanches,  that  is,  the  top  row  is  first  taken  away  and 
afterward  the  succeeding  rows.  At  the  instant  of  raising,  each  gate  will 
supi3ort  a  column  of  water  whose  head  equals  the  depth  of  the  flow 
over  the  top  of  the  dam  increased  by  the  height  of  the  gate  itself, 
provided  the  gate  be  clear  of  the  lower  pool.  If  the  gate  is  not  clear 
of  the  lower  pool,  the  head  will  equal  the  total  lift  of  the  dam,  and 
will  consequently  be  very  small.  The  upper  row  of  gates  sustains  a. 
less  load  than  the  lower  ones.  Hence  it  is  more  easily  raised.  When 
this  row  is  taken  out,  the  level  of  the  pool  drops,  and  the  second  row 
is  taken  out  under  about  the  same  pressure  as  the  first.  Or,  if  the 
discharge  above  is  enough  to  keep  the  level  of  the  jjool  at  its  original 
height,  the  lower  pool  will  be  raised,  with  the  same  result.  The 
lowest  row  of  gates  will  be  under  water  on  both  sides,  and  the  press- 
ure will  be  neutralized.  The  maneuvers  of  these  gates  are  always 
easy,  if  the  dam  is  long  enough  to  prevent  a  great  overflow,  and  if  the 
gates  are  small. 

To  close  the  dam  the  reverse  order  of  the  foregoing  is  used.  The 
lowest  row  of  gates  is  first  let  down.  While  the  fall  is  slight,  the 
next  row  will  be  jiut  in  place.  It  should  be  easier  to  close  the  dam 
than  to  open  it,  as  the  work  will  be  done  against  a  smaller  head  of 
water.  The  maneuvering  is  not  all  done  at  one  time,  but  successively 
according  to  the  amount  of  discharge,  so  that  the  duration  of  the 
maneuver,  while  considerable,  becomes  immaterial.  If  the  river  rises 
above  its  normal  level,  the  gates  are  all  removed  and  the  trestles  laid 
down.  When  the  river  recedes,  the  gates  are  replaced  without  allow- 
ing the  stream  to  fall  below  the  normal  level  of  the  i)ool. 

Dimensions  and  Arrangements  of  Gates. — The  breadth  of  the  gates 
is  determined  by  the  distance  between  the  trestles,  and  should  not  be 
greater  than  3. 28  ft.     As  the  height  of  the  pool  increases,  this  widtk 
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should  diminish.  The  height  of  the  gates  depends  upon  the  depth  of 
the  pool,  and  the  width  and  solidity  of  the  service-bridge.  The  last 
element  limits  the  hoisting  power  of  the  api>aratns.  In  the  high  dams 
the  trestles  are  stronger  and  closer  together;  therefore,  the  height  of 
the  gates  may  be  increased  and  their  number  diminished.  The  height 
of  the  lower  tier  of  gates  may  be  increased  as  it  is  submerged  and 
more  easily  raised.  The  total  area  of  a  gate  should,  as  a  rule,  be  from. 
10  to  20  sq.  ft.,  and  should  not  vary  much  from  15  sq.  ft. 

There  is  an  advantage  in  having  at  the  top  of  the  dam  a  row  of 
very  light  gates  or  boards  which  the  dam-tender  may  place  or  remove 
by  hand.  They  should  be  from  4  to  12  ins.  in  width,  and  quite  thin, 
as  the  pressure  is  light.  During  low-water  these  are  sufl&cient  to 
regulate  the  surface  of  the  pool.  If  one  row  of  boards  is  not  enough 
two  may  be  used.  If  the  board  is  1  ft.  high  and  4  ft.  long  and  the 
overflow  is  0.66  ft.  above  them,  then  the  load  equals  280  lbs.,  and  the 
board  should  weigh  from  16  to  20  lbs.  and  be  r?,-  in.  thick.  Assuming 
a  coefficient  of  50%  for  friction,  the  force  of  140  lbs.  is  required  to 
raise  it.  If  this  is  too  much  of  an  exertion,  a  lever  can  be  used.  The 
lower  gates  may  be  of  iron,  but  are  better  if  made  of  wood,  They 
are  then  lighter  and  more  easily  rejjaired.  The  gates  are  made  of 
planks,  tongued  and  grooved,  or  joined  with  a  double  groove  and  false 
tongue  of  sheet-iron.  They  are  also  connected  by  a  vertical  assembl- 
ing rod  and  rest  their  ends  against  two  adjacent  trestles. 

If  the  gates  are  4  ft.  wide  and  4.25  ft.  high,  each  gate  will  have  a 
surface  of  17  sq.  ft.  If  the  head  is  9.84  ft.,  the  pressure  will  equal  62.5 
X  9.84  X  17;  that  is,  10  455  lbs.  Therefore  the  thickness  should  be 
0.27  ft.  J  and  a  thickness  of  0.33  ft.  would  answer  for  a  head  of  13  ft. 
The  gates  are  then  no  thicker  than  the  needles  ordinarily  used.  In 
Oldening  the  dam  there  is  about  the  same  amount  of  wood  to  be  re- 
moved as  in  opening  the  Poiree  dam.  Allowing  a  coefficient  of  fric- 
tion of  50%,  a  force  of  5  227  lbs.  would  raise  the  gates  under  a  head 
of  9.84  ft. 

The  trestles  may  be  constructed  with  grooves  of  angle-iron  from 
the  sides  in  which  the  gates  are  to  slide.  Iron  bars  should  be  fast- 
ened to  the  edges  of  the  gates,  to  diminish  friction.  To  i^revent  jam- 
ming of  the  gates  in  the  grooves,  in  case  of  warping,  it  is  better  to 
have  the  shoulder  of  the  trestle  open  up  stream,  and  to  fasten  the 
planks  of  the  gates  together  by  two  angle  or  T -irons  at  the  sides. 
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These  rest  against  the  tipper  trestle  posts.  This  dam  may  be  height- 
ened at  any  time  by  the  use  of  planks.  If  the  trestles  are  not  strong 
enough,  they  should  be  replaced.  The  trestles  should  be  made  with 
an  excess  of  strength,  with  a  view  to  heightening  the  dam  if  desired. 
The  Boule  gates  have  been  used  at  the  deepest  pass  of  Port  a  1' Anglais, 
at  La  Mulatiere  and  in  part  of  the  Suresnes  dam. 

Summary. — The  advantages  claimed  by  the  inventor  for  the  Boule 
dam  over  other  systems  are  as  follows : 

1.  It  is  simpler  in  design  and  construction  than  the  Chanoine 
wickets. 

2.  The  cost  is  inconsiderable,  as  shown  at  Port  a  1' Anglais.  It 
shows  a  saving  of  30%  over  the  Chanoine  wicket  system.  There  is 
less  linear  surface  necessary,  thus  saving  in  the  cost. 

3.  The  cost  of  maintenance  is  less  than  that  of  wickets. 

4.  The  first  cost  is  about  the  same  as  that  of  the  Poiree  needle 
dam. 

5.  The  pool  can  be  raised  higher  than  with  the  Poiree  dams,  and 
much  more  easily. 

6.  The  service-bridge  can  be  rej^laced  sufficiently  high  above  the 
surface  of  the  i^ool  to  be  out  of  danger  of  floods.  Consequently  the 
dam  can  be  opened  in  time  to  prevent  overflow  of  the  bridge. 

7.  A  fixed  weir  is  unnecessary,  greatly  reducing  the  exjiense. 

8.  Regulation  is  easy,  and  may  be  conducted  without  rushing. 

9.  It  is  easy  to  communicate  the  amount  of  discharge  in  the  stream 
by  telegraph  or  telephone  to  the  dam-tender  at  the  dam  below,  thus 
advising  him  of  a  probable  rise. 

10.  On  account  of  the  even  overfall  along  the  whole  length  of  the 
dam,  the  bad  effects  of  scour  and  eddies  are  reduced. 

11.  The  overflow  carries  all  drift  away,  thus  rendering  this  dam 
more  sanitary  than  others. 

12  It  may  be  closed  without  waiting  for  the  pool  to  fall  below 
its  normal  level. 

13.  It  is  tight.  The  leakage  is  very  slight,  thus  rendering  it  espec- 
ially valuable  for  summer  water  power. 

14.  There  is  no  submerged  machinery  to  repair  or  to  get  out  of  order. 

15.  The  maneuvers  are  performed  easily  and  without  danger. 

16.  The  level  of  the  pool  may  be  raised  by  inserting  boards  at  the 
top  of  the  dam  if  it  is  desired  to  raise  the  pool  only  slightly ;  and  by 
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adding  to  the  height  of  the  trestle  if  a  considerable  addition  is  desired 
to  be  made. 

It  is  urged  as  an  objection  to  this  dam  that  it  requires  too  long  to 
maneuver  it;  but  this  has  been  claimed  also  as  an  advantage  in  that 
it  i)revents  flushing.  If  this  is  not  so,  the  system  of  escapements  and 
of  flutter  valves  obviates  this  objection.  The  time  required  to  re- 
move a  gate  is  from  two  to  three  minutes  intlie  top  rank,  and  from  five 
to  six  minutes  in  the  bottom  rank.  But  the  last  maneuver  is  rarely 
necessary. 

The  friction  of  the  gates  on  the  trestles  is  as  follows:  On  a  gate  of 
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the  upi^er  rank,  1  770  lbs.;  on  a  gate  of  the  second  rank,  5  391.25  lbs.; 
on  a  gate  of  the  third  rank,  5  570.33  lbs. 

Experiments  looking  to  the  introduction  of  ball-bearing  rollers 
have  been  made  on  the  dam  at  Marolles.  The  gates  were  3.52  ft.  long 
and  varying  in  height  from  11.81  ins.  to  19.68  ins.  With  a  lift  of  7.21 
ft.,  the  panels  could  be  placed  or  taken  out  by  one  man  with  the 
greatest  ease.  A  complete  and  interesting  description  of  these  experi- 
ments may  be  found  in  the  "Annals  des  Fonts  et  Ghaussees  "  for  April, 
1896. 
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Remarks  on  Boule  Gates.— M.  Janicki,  in  1876,  apiilied  this  principle 
to  the  Moscow  dams,  in  Eussia,  by  replacing  the  gates  with  jilanks  0.8 
ft.  wide.  These  can  be  maneuvered  without  a  crab,  by  a  hooked  pole. 
Pegs  are  placed  near  the  ends  which  act  as  guides  on  the  down-stream 
side,  and  handles  on  the  up-stream  side.  Instead  of  resting  the  jilanks 
directly  against  the  trestles,  as  in  the  Boule  dam,  upright  timbers,  or 
needles,  are  placed  against  the  sill  at  the  bottom  and  against  the  tres- 
tles at  the  top,  and  these  are  made  to  support  the  planks.  These  up- 
rights or  posts  are  sujjported  against  the  trestles,  near  the  center  of 
pressure,  by  a  suitably  constructed  frame  (Fig.  4). 

While  the  method  of  maneuvering  is  simplified  by  the  reduction  of 
the  size  of  the  gates,  the  objection  still  remains,  as  in  the  Boule  dam, 
that  the  lowering  takes  place  too  slowly  for  rivers  liable  to  sudden 
freshets;  but  by  carrying  the  idea  of  Janicki  a  little  farther  and  intro- 
ducing another  feature,  the  author  believes  an  excellent  form  of  dam 
may  be  obtained;  applicable,  at  least,  wherever  needles  can  be  used. 
This  consists  in  placing  the  tops  of  the  posts  or  uprights  against  the 
hook-ends  of  the  escape-bars  connecting  the  trestles.  In  lieu  of  the  brac- 
ing against  the  trestles,  the  posts  should  be  well  strengthened  with 
iron  channels,  bolted  on  the  sides  and  reaching  within  an  inch  or  two 
of  the  up-stream  edges;  the  rabbets  formed  by  the  flanges  of  the  chan- 
nels and  the  edges  of  the  posts  will  receive  the  ends  of  the  planks, 
which  should  be  slightly  rounded,  to  prevent  jamming.  By  stringing 
the  planks  on  a  rope  as  they  are  being  placed,  and  attaching  this  rope 
to  the  proi^er  post,  the  escapement  of  the  whole  bay  will  be  easy  and 
safe,  because  the  turning  of  each  escapement  will  permit  one  upright 
to  fall,  and  with  it  will  go  one  set  of  planks.  With  wide-span  trestles 
more  than  one  upright  may  be  set  on  each  escajDe-bar,  because  the 
boards  should  not  be  very  long. 

Cameke  Hinged  Cubtain  Dam. 

M.  Camere,  Engineer  at  Vernon  on  the  lower  Seine,  devised  a  dam 
similar  to  that  of  M.  Boule,  the  only  difference  being  that,  instead  of 
the  Boule  gates,  a  Avooden  curtain  is  used.  This  curtain  consists  of 
narrow  strips  of  wood,  hinged  together,  and  susceptible  of  being  rolled 
up  and  lowered,  by  means  of  an  endless  chain  passing  around  it  like  a 
theater  curtain. 
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This  dam  is  oi^ened  by  rolling  the  curtain  up  from  the  bottom; 
whereas  the  Boule  gates  are  opened  from  the  top,  by  removing  the 
upper  rank  of  gates.  The  dam  is  closed  by  dropping  the  curtain. 
The  width  of  the  ciirtains  corresponds  with  the  width  of  the  Boule 
gates.  They  are  as  long  as  the  depth  of  the  pool.  The  lower  strips 
of  the  curtain  are  made  thicker  than  the  upper  ones,  in  order  that  they 
may  sustain  the  gi-eater  pressure  of  the  water  toward  the  bottom  of 
the  dam. 

The  curtains  are  maneuvered  by  means  of  a  crab  placed  on  the  foot- 
bridge. The  dam  is  supported  by  a  series  of  Poiree  trestles.  The 
rolling  or  unrolling  can  be  stopped  at  any  place,  thus  regulating  the 
opening  as  exactly  as  may  be  wished.  This  dam  has  been  adoj^ted  at 
Port  Villez,  which  is  situated  145  kms.  from  Paris,  on  the  Seine.  It 
consists  of  two  navigation  passes  and  a  weir,  with  a  total  length  of 
over  700  ft. 

Dam  at  Pcrrt  Villez. — The  following  description  is  condensed  from  a 
report  published  by  the  United  States  Government:* 

The  flooring  consists  of  a  raised  portion,  forming  the  up-stream 
sill,  united  by  a  curved  portion  with  a  recess  which  holds  the  lowered 
trestles.  The  sill  is  13.12  ft.  below  the  upper  pool.  The  recess  pro- 
tects the  trestles  from  the  keels  of  passing  boats. 

Trestles. — The  trestles  are  planned  so  as  to  present  the  minimum  of 
obstruction  consistent  with  strength.  The  up-stream  uprights  have 
a  small  T-iron  on  their  face,  the  projecting  web  of  which  serves  as  a 
guide  to  the  curtain-bars  resting  on  this  upright.  The  bracing  is  cal- 
culated on  the  supposition  that  the  pressure  of  the  water  is  distribu- 
ted over  the  whole  height  of  the  uprights,  instead  of  being  transmitted 
only  at  the  top,  as  in  the  case  of  needles.  A  bracket,  placed  on  the 
down-stream  upright,  serves  to  widen  the  service-bridge  roadway,  and 
allows  two  tracks  to  be  laid ;  the  rails  serving  as  braces  between  the 
frames,  and  replacing  the  catches  used  in  the  older  frames.  The  tres- 
tles are  moved  by  means  of  flat  iron  bars,  each  in  three  jjarts,  joined 
together,  and  having  a  joint  at  each  extremity. 

Lowering  the  Trf-stles. — When  a  trestle  is  to  be  lowered  the  joint  of  one 
extremity  of  a  bar  is  pinned  to  the  upper  cross-bar  of  the  trestle  and 
the  other  extremity  is  made  fast  to  a  car,  movable  on  the  track  on  the 
service-bridge.     This  car  is  held  by  a  chain,  passed  around  the  drum 

*  Un .  Ex.  1889,  Pans,  p.  607. 
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of  a  windlass,  the  latter  being  held  by  another  chain,  made  fast  to  the 
next  i)ier  or  abutment.  To  lower  the  trestle,  it  is  only  necessary  to 
push  the  car  forward  and  pay  oiit  the  A\dndlass  chain.  When  the  tres- 
tle is  lowered,  the  flat  bar  fixed  to  the  car  is  detached  and  pinned  to  the 
side  of  the  cross-bar  of  the  following  trestle  still  standing;  the  opera- 
tion is  repeated,  and  while  the  second  trestle  is  lowered,  the  flat  jointed 
bar  connecting  the  two  trestles  folds  together,  forming  a  V,  the  unequal 
branches  coming  together  between  the  two  trestles  without  forming 
heaps  like  the  chains.    The  trestles  are  lifted  by  reversing  the  operation. 

Curktins. — The  curtain  is  rolled  or  unrolled  by  an  endless  chain 
as  follows:  Each  line  of  the  endless  chain,  passing  over  the  guide 
pulleys,  forms  two  bights,  one  to  the  right  and  the  other  to  the  left 
of  the  curtain  frame;  the  one  passing  around  the  curtain  regulates 
the  amount  rolled  np.  To  operate  the  curtain,  the  two  lines  of  the 
chain  of  the  down-stream  bight  pass  over  the  chain  pulleys  of  the 
windlass;  the  combined  motion  of  these  pulleys  produces  an  elonga- 
tion or  contraction  of  the  other  bight. 

The  windlass  for  handling  is  mounted  on  a  car  rolling  on  the  rails 
of  the  foot-bridge,  to  bring  it  in  front  of  the  curtain  to  be  moved. 
When  placed  it  is  clamped  to  one  rail  of  the  track.  On  the  other  side 
a  movable  buffer  on  the  upper  part  of  the  windlass  rests  against  the 
curtain-frame,  and  resists  its  tendency  to  turn  in  the  up-stream  direc- 
tion. The  windlass  carries  two  outside  chain  pulleys,  corresponding 
to  the  curtain-frame  guide  pulleys.  The  lines  of  chains  are  put  upon 
these,  and  maintained  in  their  places  by  rotating  stops  which  can  be 
lifted  to  allow  the  chains  to  be  taken  ofif  or  put  on. 

The  pulleys  are  keyed  to  shafts  driven  by  the  windlass  gearing. 
The  lower  pulley  may  be  engaged  or  disengaged.  When  engaged  it 
turns  in  an  opjiosite  direction  from  the  upper  pulley,  and  its  circum- 
ferential velocity  is  a  fraction  of  that  of  the  other.  This  being  so,  to 
roll  lip  the  curtain  the  lower  pulley  is  engaged,  and  the  upper  pulley 
exerts  an  effort  on  its  chain,  while  the  lower  pulley  pays  out  its  chain. 
On  account  of  the  difi'erence  of  the  velocities  of  the  two  iJuUeys  a 
shortening  of  the  bight  passing  round  the  curtain  takes  place,  and  the 
curtain  rolls  up.  To  unroll  the  curtain,  the  lower  pulley  is  dis- 
engaged, its  chain  is  made  fast  by  a  stop  on  the  guide  pulley  of  the 
curtain  frame,  the  upper  pulley  turns,  letting  go  the  chain,  the  bight 
lengthens  and  the  curtain  unrolls. 
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The  ciirtain  frame  is  shipped  on  a  special  car  carrying  an  inclined 
lilane  furnished  with  a  windlass  and  chain.  This  car  is  brought  in 
front  of  the  curtain,  and  the  screws  fastening  the  curtain  frame  to  the 
trestle  are  removed,  so  as  to  allow  the  former  to  turn  around  its 
journals.  The  wiudlass  chain  is  hooked  to  the  upper  l)ar  of  the  cur- 
tain frame,  and  the  latter  turns  around  its  journals  until  it  rests  upon 
the  inclined  plane.  Then,  by  the  continued  action  of  the  windlass,  it  is 
hoisted  upon  the  car  by  moving  upon  rollers  fixed  to  the  inclined 
plane.  The  curtain  frame,  thus  comiiletely  separated  from  the 
trestles,  can  be  carried  off  on  the  car.  It  is  replaced  by  the  reverse 
process.  This  manner  of  closing  is  also  in  use  in  the  dam  at  Poses 
and  part  of  the  dam  at  Suresnes,  described  furtlier  on. 

Remf(7'k!i.—Th.&t  the  Camere  curtain  could  obtain  a  foothold  and 
actually  be  built  and  operated  on  navigable  rivers  only  proves  that 
means  for  closing  passes  of  moderate  lifts  have  been  very  scarce.  In 
the  author's  opinion,  the  dam  does  not  possess  a  single  good  point. 
It  is  expensive,  frail,  easily  worn  out,  unwieldy,  regulates  the  pool 
from  the  bottom,  and  is  therefore  dangerous  to  the  foundation,  and 
its  oi^eration  is  lioth  slow  and  laborious.  Each  curtain  must  be  re- 
moved by  a  special  car  aud  taken  ashore  as  soon  as  removed,  and  it 
must  be  unrolled  and  cleaned  and  hung  up  to  dry  on  a  special  frame 
in  the  same  position  as  in  the  dam;  and  their  weight  is  1  600  lbs. 

The  Dam  at  Sxjkesnes. 

The  Suresnes  dam,  located  just  below  Paris,  was  built  by  M.  Boule 
in  1885.  It  is  one  of  the  largest  as  well  as  most  recent  works  of  the 
Seine,  and  one  of  the  best  examples  of  movable  dams  in  the  world. 
It  is  made  by  the  use  of  alternate  bays  of  Boule  gates  and  Camere 
curtains.  The  trestles  of  the  pass  are  191  ft.  high,  and  the  gates  17 
ft.  high  and  4.10  ft.  wide.  The  dam  supports  a  head  of  10.6  ft.  It  is 
divided  into  three  parts  by  two  islands,  Folly  Island  and  Puteaux 
Island.  The  navigable  pass  is  238  ft.  wide,  and  is  located  in  the  left 
arm  of  the  river.  In  the  right  arm  there  is  an  elevated  pass  206  ft. 
wide.  Between  the  two  islands  there  is  a  weir  206  ft.  wide.  The 
sills  of  these  three  jiasses  are  17.9,  16.25  aud  12.13  ft.,  respectively, 
below  the  level  of  the  upper  jjool. 

The  gates  and  curtains  are  supported  by  Poiree  trestles  19.5,  17.9 
and  13.44  ft.  high,  respectively.     They  weigh  4  000,  3  000  and  1  760 
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lbs. ,  resi3ectively.  The  trestles  are  constructed  of  channel  iron,  and 
with  two  uprights  front  and  back.  They  are  joined  by  cross-bars 
forming  caissons.  The  trestles  are  braced  by  a  St.  Andrew's  cross. 
A  Megy's  endless  chain  is  used  to  raise  and  lower  the  trestles,  and  is 
operated  by  a  windlass  on  the  shore.  In  the  right  arm  of  the  river, 
i.  e.,  in  the  elevated  pass,  the  Camere  curtains  are  used  for  closing 
the  dam.  The  middle  channel  or  weir  is  closed  with  Boule  gates,  and 
the  left  arm  or  navigable  pass  is  closed  with  gates  and  curtains  al- 
ternately. The  last  method  of  arrangement  has  been  proven  best,  for 
the  reason  that  the  curtains  when  rolled  up  do  not  always  preserve  a 
cylindrical  form.     This  fact  is  likely  to  cause  adjacent  curtains  to  jam. 

Maneuvers. — The  general  plan  of  operating  Boule  gates  and  Garner^ 
curtains  is  fully  set  oiit  under  those  titles.  To  keep  the  pool  at  its 
normal  level  during  the  dry  season  it  has  been  found  suflScient  in  prac- 
tice, to  remove  some  of  the  tojj  shutters  if  there  is  too  much  water, 
and  to  place  small  planks  1  ft.  in  width  above  the  top  of  the  gates 
and  curtains  in  all  the  bays  when  it  is  desired  to  diminish  the  overflow. 
These  planks  are  placed  and  removed  by  hand.  M.  Boule  considers 
them  an  essential  part  of  his  dam,  and  attaches  considerable  import- 
ance to  their  use  in  regulating  the  pool.  In  any  case  the  Camere 
curtains  are  unwieldy  for  the  regulation  of  the  jjool,  and  especially  if 
the  lift  is  great.  The  effort  required  to  raise  a  curtain  from  the 
bottom  is  evidently  miich  greater  than  to  remove  a  gate  from  the  top. 
The  curtains  are  likely  to  wear  out  if  used  for  the  regulation  of  the 
pool.  Again,  the  currents  flowing  through  at  the  bottom  of  the  cur- 
tains are  very  swift,  causing  whirlpools  and  scour.  The  water  in  fall- 
ing over  the  top  of  the  gates  produces  do  evil  effects. 

In  time  of  flood  the  top  rows  of  gates  are  first  removed,  and  then 
the  curtains  are  rolled  up  from  the  bottom.  The  head  at  this  time  is 
much  reduced,  and  the  rolling  up  is  more  easy  than  during  low  water. 
When  the  curtains  are  removed,  the  discharge  through  the  openings  is 
very  great.  If  the  flood  continues,  the  gates  are  all  removed  and  the 
trestles  In  the  navigable  pass  are  lowered.  Thus  the  whole  pass  is 
opened  to  navigation  with  a  depth  of  10.\  ft.  on  the  sill. 

The  time  required  to  either  raise  or  lower  the  trestles  of  the  pass 
(fifty-seven  in  number)  is  three  hours.  This  maneuver  may  be  per- 
formed at  any  depth  of  water,  provided  it  does  not  reach  the  foot- 
bridge.     As  it  requires  a  considerable  delay  in   navigation  to  pass 
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boats  through  the  lock,  the  trestles  are  always  bedded  as  soou  as  there 
is  sufficient  water  on  the  sill  for  the  purpose  of  navigation.  If  the 
water  falls,  the  trestles  are  immediately  replaced  in  order  to  preserve  a 
proper  stage  of  water. 

The  time  required  to  lower  the  trestles  in  the  Suresues  dam  is  in- 
creased by  reason  of  the  fact  that  the  curtains  have  to  be  removed  by 
means  of  a  special  trolley  carrying  a  small  windlass  for  the  purpose. 
The  curtains  have  to  be  carried  to  a  ])latform  and  hung  upon  a  special 
frame  in  the  same  position  as  the  dam.  The  operation  is  very  la- 
borious, as  each  curtain  and  frame  weighs  1  600  lbs.  When  they  are 
rolled  up,  debris  of  various  kinds  catches  between  the  sticks,  and  they 
must  be  unrolled  and  cleaned.  The  method  of  removing  gates  is  to 
pile  them  on  a  truck  rolling  on  the  bridge,  when  they  are  taken  to  the 
bank  and  tipped  upon  the  ground.  In  the  other  passes,  which  are 
but  little  used  for  navigation,  the  trestles  are  not  lowered  until  almost 
submerged. 

A  new  lock  525  ft.  long  and  56  ft.  wide  has  been  placed  between 
the  left  bank  and  the  old  lock.  The  latter  has  been  rebuilt,  and  below 
it  a  lift  wall  has  been  placed.  This  is  continued  by  a  new  lock  165  ft. 
long  and  9.84  ft.  deep. 

Remarks. — This  dam  furnishes  the  only  foreign  example  of  an 
attempt  to  raise  more  than  one  trestle  at  once  or  to  raise  trestles  by  a 
stationary  crab,  and  in  this  regard  it  is  a  great  improvement  over  all 
other  dams  using  trestles,  except  the  needle  dam  in  America.  A 
French  publication*  thus  describes  the  device,  known  as  Megy's  patent 
"windlass : 

"All  the  frames  of  the  Seine  j^ass  are  united  by  a  continuous  chain 
by  means  of  link  catches  placed  on  their  upper  cross-braces.  The  length 
of  the  chain  between  two  successive  frames  is  greater  than  the  dis- 
tance between  the  axes  of  rotation,  so  that  six  frames  are  lowered  or 
raised  like  the  sticks  of  a  fan;  the  chain  is  hauled  in  by  a  windlass 
placed  on  the  abutment  of  the  pass. 

"  By  this  system,  having  put  the  first  frame  in  place,  it  is  only 
necessary  to  haul  in  a  short  length  of  chain  to  bring  the  second  into 
its  upright  position,  and  the  operations  of  opening  and  closing  the 
passes  are  almost  reduced  to  the  taking  up  or  putting  down  of  the  rails 
and  planks  of  the  sei'vice-bridge. 

"At  Suresnes  the  opening  of  the  navigable  pass,  237.4:7  ft.  (72.38 
ms.)  in  length,  is  accomplished  in  three  hours,  and  the  closing  in  five 
hours  with  seven  men."  

♦Notices  sur  les  Modeles,  Dessins,  etc.,  Paris  Exposition  Universelle,  1889,  p.  93. 
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By  this  method  it  is  necessary  for  the  crab  to  stop  as  each  trestle 
comes  to  place  and  the  chain-catch  is  removed  from  the  trestle.  The 
American  device  raises  the  trestles  and  places  the  foot-bridge  or  walk- 
way with  only  three  men  in  less  than  1^  minutes  per  trestle,  and  the 
crab  need  never  stop  throughout  the  operation. 

Bkidge  Dams. 
The  bridge  dam  invented  by  M.  Tavernier  and  employed  at  Poses, 
Mericourt,  Meulan  and  Port  Mort,  in  France,  and  on  the  St.  Mary's 
Falls  Canal  in  this  country,  for  dams  of  high  lift,  while  more  expen- 
sive than  those  heretofore  described,  yet  may  be  advantageously  used 
in  many  situations,  jjarticularly  at  points  where  a  railway  or  highway 
is  to  cross  a  stream.  While  the  application  of  dams  supported  by 
bridges  is  of  late  date,  yet  Mr.  Frimot  proposed  such  an  arrangement 
in  1829,  and  a  bridge  dam  was  constructed  on  the  Upper  Yonue  as  far 
back  as  1836  (Fig.  5).  These  designs,  however,  did  not  provide  for 
navigation  under  the  arches,  except  when  the  dam  was  open. 


itij 


itij 


Fig.  5. 

On  the  Eiver  Elbe,  at  Pretzien,  in  Prussia,  a  bridge  dam  was  built 
m  1874-75.  It  differs  from  those  in  France  in  that  the  closing  is  done 
with  sliding  gates  rather  than  hinged  curtains.  It  is  built  with  nine 
bays,  41  ft.  wide,  separated  by  piers  on  which  rest  the  bridge,  which 
is  too  low  to  allow  boats  to  pass  underneath,  even  when  the  dam  is 
open.  The  floor  of  the  dam  is  above  low- water  level.  The  pool  rises 
10  ft.  above  the  sill. 

The  following  description  of  the  dam  at  Poses,  which  will  give  a 
general  idea  of  the  system,  is  compiled  from  that  given  in  a  govern- 
ment report.* 

Dam  at  Poses,  Fratice.— The  Poses  dam,  771.5  ft.  between  the  abut- 
ments,  is  divided  into  seven  passes;  five  deep  and  two  shallow  ones. 
*  Un.  Exp.,  Paris,  1889,  p.  588. 
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The  combination  of  the  heights  of  the  sills  of  the  diflferent  passes  was 
made  so  as  to  obtain  a  sufficient  superficial  flow  by  uniting  as  well  as 
jiossible  the  transverse  profile  of  the  river  at  the  right  with  the  chosen 
location.  The  dam  is  thus  divided  into  three  distinct  parts;  two  cor- 
responding to  the  two  arms  surrounding  Poiute  Island,  and  the  other  to 
the  cross-section  of  the  island  itself.  The  sills  are  jjlaced  at  11.32  ft. 
above  tide- water  in  the  first  case,  and  17.87  ft.  in  the  second. 

Depth  of  Foundation. — The  exceptional  height  of  the  dam  required 
the  foundation  to  be  laid  upon  a  solid  and  imi^ermeable  stratum,  thus 
avoiding  all  filtration  which  would  compromise  the  stability  of  the 
structure  and  absorb  a  portion  of  the  flow  during  low  water,  when 
most  needed  for  navigation.  It  was  found  best,  as  in  the  case  of  the 
locks,  to  descend  to  a  bank  of  solid  chalk  which  is  met  at  about  5  ms. 
below  the  sea  level  for  the  whole  width  of  the  river-bed. 

Piers  and  Abutments. — The  piers  are  13.12  ft.  thick.  On  the  down- 
stream side,  the  starlings  project  a  considerable  amount  beyond  the 
roadway,  and  support  masses  of  masonry  which  rise  to  the  top  of  the 
bridge.  These  masses  serve  to  resist  the  horizontal  thrust  which  is 
transmitted  to  the  bridge  by  the  suspended  frames.  The  piers  and 
abutments  are  pierced  by  full-centered  arches  4.26  ft.  wide  and  7.54 
ft.  high,  so  as  to  allow  the  service-bridge  to  be  freely  carried  through 
them.  In  these  jjassages  niches  are  made  in  which  to  store  the  cur- 
tains and  windlasses. 

Flooring. — The  surface  of  the  flooring  is  j^lain,  at  the  level  10.16  ft. 
above  the  sea  for  the  deep  passes,  and  17.06  ft.  for  the  shallow  ones. 
This  surface  is  limited  on  the  up-stream  side  by  a  sill  curved  up  just 
above  the  level  of  the  hurters,  so  as  to  protect  them  against  the  keel 
of  any  boat  or  the  shock  of  any  bodies  against  them:  The  hurters  are 
3.80  ft.  ai^art,  built  into  the  flooring  and  projecting  1.15  and  0.82  ft. 
above  it  in  the  deep  and  shallow  passes,  respectively.  They  are  pro- 
tected by  flanged  iron  plates  fastened  to  them.  A  bolt,  passing  hori- 
zontally through  each  stone,  is  secured  by  a  nut  at  the  back.  This 
bolt  is  also  secured  to  the  anchorage  bar  of  the  flooring  so  as  to  trans- 
mit to  the  piers  the  longitiidinal  pressure  of  the  uprights.  The  hurters 
rest  against  the  plate  band  of  hewn  stone.  To  increase  the  solidity 
of  the  whole,  the  two  limiting  walls  of  the  flooring  are  united  by  tie 
rods  sunk  in  the  masonry  and  passing  between  the  hurters.  Finally, 
a  row  of  cast-iron  boxes  and  anchor  rings  have  been  sunk  in  the  ma- 
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sonry  flooring  in  front  of  and  behind  the  hurters,  so  as  to  permit  a 
coffer  dam  to  be  rapidly  set  up  in  case  of  repairs. 

Upper  Bridges. — The  system  adopted  at  Poses  reqiiires  the  estab- 
lishment of  two  upper  bridges,  according  to  the  idea  of  the  late  M. 
Tavernier.  First,  the  down-stream  bridge  to  hold  the  susi)ended 
frames,  and  second,  the  up-stream  bridge  to  hold  the  windlasses  while 
the  frames  are  being  raised,  and  also  sustain  a  part  of  the  weight  of 
the  raised  frames  themselves.  The  first  may  be  called  the  susi^ending, 
and  the  second  the  hoisting,  bridge. 

The  roadways  of  the  two  are  for  two  different  purposes  and  at  dif- 
ferent levels.  The  down-stream  longittxdinal  girder  of  the  hoisting 
bridge  is  omitted,  and  its  supporting  cross-girders  are  attached 
directly  to  the  longitudinal  up-stream  girder  of  the  suspending  bridge, 
thus  affording  easy  communication  between  the  bridges,  and  adding  to 
the  horizontal  strength  of  both.  The  up-stream  roadway  has  an  open- 
ing 4.99  by  8.20  ft.;  large  enough  to  admit  of  passing  the  curtain 
through  it  endwise.  In  the  non-navigable  passes  the  facility  of  com- 
munication is  insured  by  putting  a  third  roadway  above  the  beams  of 
the  down-stream  roadway. 

The  lattice  girders  supporting  the  roadway  have  their  uprights 
7.  Gl  ft.  apart,  corresponding  to  the  widths  of  the  moving  parts.  The 
cross-girders  take  the  strain  of  the  hanging  frames  by  means  of  the 
brackets  arranged  under  them.  These  girders,  3.80  ft.  apart,  are 
braced  by  (J -irons  placed  on  each  side  of  the  rods  suspending  the 
frames.  The  brackets  are  trapezoidal  in  form  and  2  ft.  high.  Upon 
each  of  their  faces  two  angle-irons  are  riveted,  projecting  on  each  side 
and  forming  a  guide.  The  heads  at  the  end  of  the  suspending  bars 
rest  upon  these  guides  at  a  height  1.64  ft.  under  the  cross-girders,  so 
that  the  uprights  can  be  raised  to  the  flanges  of  these  girders,  that  is, 
so  that  the  uprights  may  clear  the  hurters. 

The  width  of  the  up-stream  roadway  depends  on  its  height  above 
the  water.  There  must  be  space  enough,  from  the  end  girder  to  the 
point  where  the  chain  comes  through,  to  work  the  windlass;  also  to 
give  the  chain  a  proper  inclination,  to  avoid  too  much  tension  on  it. 
At  Poses  the  chain  is  attached  to  the  frame  at  2.95  ft.  below  the  water 
level,  and  the  chain  is  inclined  33°  at  the  beginning.  The  distance 
between  the  principal  girders  of  the  \ip-stream  roadway  is  24.76  ft.  for 
the  navigable  passes,  and  17.22  ft.  for  the  non -navigable. 
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The  up-stream  roadway  is  placed  halfway  up  the  i)rincipal  girder, 
so  as  to  allow  sufficieut  space  below  the  cross-girders  to  store  the 
rolled  curtain  wheu  the  frames  are  raised.  The  cross-girders  are  7.61 
ft.  united  by  stringers.  The  beams  of  the  upper  bridges  rest  on  their 
piers  and  abutments  by  a  hinged  joint,  so  that  the  resultant  of  j^ress- 
ure  always  passes  through  the  center  of  contact,  whatever  may  be 
the  deflection  of  the  beams  themselves.  Expansion  trucks  are  placed 
vertically  between  the  down-stream  girder  and  the  massive  stai-liug. 

The  uprights,  which  support  the  curtains,  are  wrought-iron  beams 
with  angle-irons,  having  their  mean  fibers  inclined  so  that  the  verti- 
cal passing  through  the  center  of  gravity  of  the  frame  with  its  curtain 
and  foot-bridge  is  on  the  up-stream  side  of  its  ujiiser  joint.  The  up- 
rights have  a  U -shaped  section,  which  is  constant  in  width,  8.20  ft. 
above  the  upper  bay  for  the  same  pass;  this  width  is  1.64,  1.96  and 
2.30  ft.  for  the  three  passes,  respectively.  Above  this  level  the  width 
tapers  to  0.82  ft.  at  the  top. 

The  joint  of  tlie  uj^rights  with  the  suspending  shaft  is  made  by  a 
cast-steel  eye  wedged  to  the  shaft,  terminated  by  a  cheek  w'hich  is 
riveted  to  the  web  of  the  upright.  Lengthwise  the  uprights  are  ar- 
ranged in  groups  of  two,  and  the  axes  of  these  groups  are  3.80  ft. 
apart.  The  object  of  this  division  was  to  reduce  the  width  of  the 
moving  pieces  to  3.80  ft.,  in  case  the  length  of  the  curtains,  7.61  ft., 
should  be  found  too  great;  but  as  this  length  has  been  found  conven- 
ient, the  arrangement  of  the  uprights  in  subsequent  dams  of  this  type 
has  been  simplified.  At  Port  Mort,  for  example,  the  uprights  have  a 
double  T-section. 

Frames. — Each  frame  is  formed  of  four  uprights,  united  by  tiea 
6.56  ft.  apart,  and  having  a  width  0.49  ft.  less  than  that  of  the  upright, 
so  as  to  afford  a  passage  to  the  hoisting  chains  and  a  lodgment  for 
those  of  the  frames.  One  of  these  ties  is  on  the  level  of  the  service- 
bridge,  and  ujion  it  is  a  cast-iron  box  which  holds  the  slack  of  the 
curtain  chains.  The  uprights  of  the  same  frame  are  also  tied  by  three 
shafts,  viz.,  first,  the  upper  suspending  shaft;  second,  the  shaft  0.56  ft. 
above  the  service-bridge,  used  for  attaching  the  hoisting  tackle  of  the 
service-bridge;  third,  that  to  which  the  hoisting  chains  of  the  frames 
are  attached. 

The  Hoisting  Chains. — There  are  two  hoisting  chains  for  each 
frame;  each  chain  divided  into  two  branches,  so  that  the  end  of  one 
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branch  is  attached  to  each  upright,  thus  dividing  the  strain  of  lifting 
the  frame  into  four  equal  portions.  On  the  down-stream  side  of  the 
uprights,  a  strong  wrought-iron  hook  with  angle-irons  is  attached,  for 
the  purpose  of  raising  the  frame  in  case  of  accident  to  the  chains  or 
to  their  attachments.  This  can  be  done  by  lowering,  along  the  upright, 
a  chain,  the  bight  of  which  will  be  held  securely  by  the  hook.  Ringbolts 
are  attached  to  the  up-stream  side  of  the  ujjrights,  so  that  the  frames 
may  be  slung  below  the  upper  bridge  when  any  repairs  are  required. 

Method  of  Snapetidiyig  the  Frames. — The  method  adopted  for  sus- 
pending the  frames  has  been  somewhat  simplified  in  the  more  recent 
dams.  The  suspending  rods  are  terminated  by  cross-heads  fitted  to 
the  rods  by  gibs  and  cotters;  these  wrought-iron  rods  have  a  cross- 
shaped  section,  and  pass  between  the  braces  of  the  down-stream  road- 
way, above  which  they  are  united,  two  by  two,  by  a  cross-piece 
having  the  section  of  a  double  T)  whose  extremities  can  slide  verti- 
cally between  the  uprights  of  two  cast-iron  chairs  bolted  to  the  road- 
way. In  their  normal  position,  these  extremities  rest  on  chaii's  by 
means  of  regulating  iron  wedges.  Similar  wedges  placed  between  the 
upper  face  of  the  cross-piece  and  the  upper  bearings  of  the  chairs  pre- 
vent the  frames  from  lifting. 

Foot-Bridge. — The  foot-bridge,  made  up  of  framed  sections,  is  con- 
structed of  U'iron,  to  which  the  iron  flooring  is  riveted.  Upon  this 
flooring  the  rails  for  carrying  the  windlass  are  laid.  The  ui3-stream 
side  of  the  section  is  hinged  to  the  down-stream  side  of  the  uprights. 
The  ti'ansverse  bars  of  the  section  are  jsrolonged,  and  strike  against 
corbels  riveted  on  the  webs  of  the  uprights,  so  as  to  keeji  the  sections 
of  the  foot-bridge  horizontal  when  it  is  lowered. 

Method  of  Attnching  the  Curtains. — The  suspending  chains  are  hooked 
to  rings  attached  to  the  two  outside  uprights  of  each  frame  4.10  ft. 
above  the  foot-bridge.  The  two  pulleys  for  rolling  the  curtains  are 
placed  between  the  intermediate  uprights.  The  low^er  pulley,  holding 
the  down-stream  chains,  is  slightly  smaller  than  the  other.  This  in- 
equality insures  a  distance  between  the  chains  equal  to  the  thickness 
of  the  first  curtain  bar.  Besides  rolling  the  curtain,  each  side  of  the 
endless  chain  can  be  fixed  upon  its  guide  pulley  by  a  stojD  carrying  a 
fingei",  which  enters  the  link  of  a  chain  when  the  lever  is  lowered. 
Finally,  the  uprights  have  on  their  up-stream  faces  iron  claws,  which 
serve  as  stops  to  the  rolled  curtains. 
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Details  of  Ike  Ctirtains;  Dimensirms. — Each  cui'tain  correspondH  to  an 
opening  7.01  ft.  wide  and  17.55  ft.  high  in  the  deep  passes.  The  bars 
are  of  yellow  ijiue,  each  0.25  ft.  high,  with  a  slight  play  between  them 
to  allow  for  swelling.  Their  length  is  7.47  ft. ;  giving  a  play  of  0.13  ft. 
between  two  neighboring  curtains.  This  interval  is  sufficient,  andean 
be  closed  by  a  joint  cover  if  the  dam  requires  to  be  made  tight.  The 
thickness  of  the  uj^per  bar  is  0.13  ft.,  and  it  increases  progressively 
downward  to  2.95  ft.  The  upper  bar,  exposed  to  shocks  from  floating 
bodies,  is  strengthened  by  an  angle-iron.  The  hollow  cast-iron  rolling 
shoes  are  heavy  enough  to  cause  the  curtain  to  sink  easily  into  the 
water  when  unrolled.  The  rows  of  hinges  form  a  kind  of  chain,  resist- 
ing all  efforts  exerted  on  the  chain  in  the  act  of  rolling.  These 
hinges  are  of  bronze,  so  as  not  to  rust.  They  have  strong  flanges,  and 
their  axles  are  of  drawn  phosphor-bronze.  All  the  handling  machinery 
can  be  carried  on  cars  rolling  on  the  service-bridge  tracks. 

To  Raise  the  Frames. — With  the  suspension  above  described  and  in 
use  at  Port  Mort,  the  operation  is  as  follows:  Lifting  jacks  are  placed 
under  the  cross-pieces  uniting  the  two  suspending  rods  of  a  frame 
above  the  down-stream  roadway.  Each  jack  rests  upon  a  platform 
arranged  for  this  purijose  in  the  horizontal  bracing  of  the  roadway. 
After  jilacing  the  jack  and  removing  the  wedges  which  prevent  the 
lifting,  the  jack  is  screwed  up,  care  being  taken  to  wedge  the  ends  of 
the  cross-piece  as  it  moves  up.  This  wedging  serves  to  sustain  the  lifted 
frames.  The  chains  from  the  windlass  on  the  upper  bridge  are  then 
hooked  on,  and  the  frames  are  rotated  to  a  horizontal  position  and 
made  fast  to  the  under  side  of  the  upper  bridge. 

Cost  per  Running  Foot  : 

Masonry  foundations f 813. 72 

Ii'on-work: 

Upper  bridges 114.09 

Frames 53. 54 

Curtains,  etc 25. 68 

Total U  007.03 

The  cost  of  wicket  dams  in  France  ranges  from  $183  to  $600  per 
foot  run ;  that  of  needle  dams  from  $153  to  $244. 
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Thenabd  Shutter  Dam. 

In  the  description  of  shutter  dams  the  term  "  shutter  "  applies  to 
those  barriers  in  which  the  axis  of  rotation  is  at  one  edge,  and  the  term 
"  wicket  "  to  those  in  which  the  axis  is  at  or  near  the  middle.  The 
earliest  types  of  shutter  dams  were  constructed  on  the  overfalls  in  the 
Eiver  Orb  during  the  18th  century. 

M.  Thenard  on  taking  charge  of  the  River  Isle,  in  1828,  found  several 
fixed  masonry  dams.  These  did  not  give  a  navigable  depth  to  the 
stream  at  low  water,  but  caused  overflows  of  adjoining  lands  at  high 
water.  They  averaged  6.56  ft.  above  low  water.  His  project  was  to 
lower  them  to  3.93  ft.  and  to  secure  a  depth  suflBcient  for  navigation  by 
placing  a  movable  dam  on  top  of  the  fixed  one.  His  first  experiment 
was  tried  at  the  dam  of  St.  Suerin  in  1831.  He  took  the  Orb  dam  as 
his  model  and  improved  it.  The  Orb  consisted  of  wooden  shutters 
hinged  to  the  floor  of  the  dam  and  capable  of  being  raised  or  lowered 
at  will.  He  first  invented  a  tripping  bar  which  tripped  the  props  suc- 
cessively, and  allowed  the  shutters  to  fall  one  after  the  other.  This 
rendered  the  lowering  of  the  wickets  a  very  easy  matter,  but  the  rais- 
ing of  them  was  very  difficult,  as  they  must  be  raised  against  the  cur- 
rent. To  facilitate  this,  Inspector-General  Mesnager  advised  M. 
Thenard  to  build  counter-shutters  falling  up  stream  in  order  that  they 
might  be  raised  by  the  force  of  the  current  and  form  a  temjiorary  dam 
while  the  permanent  shutters  were  being  raised.  This  arrangement 
allowed  the  lock-keeper  to  walk  dry-shod  on  the  floor  and  raise 
the  shutters  and  to  place  the  props  without  fear  of  being  washed 
away.  This  idea  was  in  use  at  the  dam  of  the  Caillade,  of  Coly- 
Lamelette,  and  at  Fontpeyre  from  18.39  to  1841.  These  are  perhaps 
the  only  distinctive  Thenard  dams.  The  following  is  a  description 
of  them : 

These  dams  were  155.8  ft.  long,  or,  including  the  passes,  about  230 
ft.  On  the  crest  of  the  masonry  dam  is  a  wooden  sill,  firmly  bolted  to 
the  stone  work.  Panels  are  6.56  ft.  long  and  3.28  ft.  high.  The  down- 
stream shutters  are  supplied  with  wrought-iron  props,  and  the  up- 
stream ones  with  forked  chains,  being  anchored  to  the  floor  at  one 
end.  The  foot  of  the  prop  rests  against  an  iron  hurter  or  sill  fixed  to 
the  floor.  The  tripping  rod  is  made  of  iron,  and  extends  lengthwise 
of  the  dam.  It  is  furnished  with  teeth,  which  are  grasped  by  a  cog- 
wheel operated  by  a  jack  on  shore.     It  has  as  many  teeth  as  there  are 
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shutters.  The  props  are  tripjiecl  iu  succession.  Every  time  the  bar 
moves  1^  ins.  a  shutter  falls.  When  they  are  all  down,  the  tripping  rod 
is  drawn  back  to  its  fii-st  position.  After  the  tripping  rod  has  piished 
the  prop  sidewise  from  the  supporting  hurter,  the  force  of  the  water 
above  causes  the  shutter  to  fall  down  stream. 

The  up-stream  shutters,  or  counter-shutters,  when  lowered,  are  held 
in  jjlace  by  spring  latches  fitting  into  an  ear  on  the  floor.  When  it  is 
desired  to  raise  the  up-stream  shutters  this  sjjring  latch  is  released  by 
a  triiiping  rod,  and  the  shutters  rise  by  force  of  the  current.  When 
they  are  upright,  they  are  held  in  place  by  the  chains.  The  lock- 
keeper  then  goes  down  to  the  floor  and  raises  the  down-stream  shut- 
ters by  hand.  He  then  equalizes  the  water  level  above  and  below  the 
counter-shutters  by  opening  small  valves  in  them,  when  he  pushes 
them  down  with  a  pole  until  the  latch  is  caught.  The  whole  maneuver 
has  been  performed  in  ICi  minutes. 

In  1843  he  erected  the  St.  Antoine  dam.  The  height  of  each  panel 
was  5.57  ft.,  and  the  width  3.89  ft.,  being  very  much  higher  than  his 
former  attempts.  He  also  constructed  a  sheet-iron  foot-bridge  on  the 
toj)  of  the  counter-shutters,  upon  which  the  dam-tender  could  stand 
in  raising  the  lower  shutters. 

The  Thenard  dams  were  thought  to  be  impracticable  if  over  4  ft. 
high,  but  they  are  now  in  use  in  India  on  the  Mahanuddee  and  the 
Cossye  rivers  and  on  the  Sone  Canal,  where  they  sustain  pi'essures 
in  excess  of  10  ft.  They  seem  better  suited  to  the  Indian  rivers  than 
any  other  system.  They  have  the  advantages  of  being  very  simple, 
and  hence  of  never  needing  repairs ;  and  they  f ui'nish  no  projections, 
so  that  the  largest  ice  fields  can  pass  over  without  injuring  the  dam. 
The  practicable  application  of  this  dam  is  difficult  on  high  lifts,  because 
of  the  weight  of  the  shutters  and  the  force  of  the  current.  It  is  diffi- 
cult to  keep  the  floor  below  the  shutters  dry  enough  to  allow  the 
attendant  to  operate  without  being  in  the  water.  A  boat  has  been 
substituted,  in  which  the  attendants  sit  and  operate  the  shutters  by 
windlasses.  The  shocks  on  the  chains  holding  the  counter-shutters 
often  break  them  and  loosen  their  fastenings. 

In  streams  carrying  large  quantities  of  drift,  or  where  ice  is  liable 
to  form  before  the  season  for  lowering  the  dam  has  arrived,  this  dam, 
with  some  modifications,  can  be  used  to  better  advantage  than  the 
Chanoine  wicket,  which  succeeded  in  France. 
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Poikee-Thenakd  Dam. 

To  overcome  tlie  objection  of  a  double  set  of  shutters  in  the 
Thenard  dams,  M.  Chanoine  substituted  for  the  counter-shutter  a  row 
of  trestles,  upon  the  up-stream  side  of  which  were  jDlaced  needles — in 
short,  a  Poiree  dam.  In  the  operation  of  passes  which  must  be  rapidly 
maneuvered,  the  Poiree  dam  is  first  put  in  jjlace,  forming  a  proteo- 
tion  behind  which  the  attendants  raise  the  Thenard  shutters.  They 
operate  from  the  foot-bridge  by  the  use  of  a  windlass.  The  dam  con- 
structed on  this  plan  at  Courbeton  across  the  Seine  was  built  in 
1850,  and  has  worked  well  since.  The  needle  dam  is  124  ft.  8  ins.  long, 
and  abuts  against  the  tail  wall  of  the  lock.  The  pass  is  39. 68  ft.  long. 
The  pass  only  is  constructed  on  the  combined  system,  being  separated 
from  the  main  dam  by  a  pier  3  ft.  3  ins.  thick.  When  the  pass  is 
closed  the  shutters  are  raised  and  the  trestles  may  be  left  standing  or 
not  as  desired.  They  are  usually  kept  up  in  low  water,  although  the 
needles  are  removed  (Fig.  6). 

At  this  dam  a  turbine  wheel  is  fixed  in  the  shore  abutment  for 
the  purpose  of  operating  the  tripjDing  bar.  It  works  automatically. 
When  there  are  enough  shutters  down  to  reduce  the  pool  to  its  former 
level,  the  water-wheel  stops,  and  the  pass  is  oi^ened  no  further.  In 
high  water  the  wheel  continues  to  work  until  all  the  shutters  are 
down.  After  the  water-wheel  has  tripped  all  the  shutters,  it  is  thrown 
out  of  gear  by  a  pinion  on  the  rod.  After  the  flood  subsides,  the 
needles  are  placed  in  jjosition  and  the  shutters  raised  as  described. 

Remarks. — This  combination  is  a  great  advance  over  the  Thenard 
system  alone,  and  it  is  surprising  that  its  use  has  not  become  more 
general.  For  rivers  carrying  drift,  it  probably  has  no  superior,  if 
properly  constructed.  With  the  improved  methods  of  raising  the 
trestles  and  the  simultaneous  placing  of  the  needles,  which  can  be 
very  light  and  wide,  because  the  head  to  be  sustained  will  be  small, 
a  dam  of  this  type  could  be  very  rapidly  and  easily  put  up.  The 
lowering  could  take  place  either  by  the  Pasqueau  method  or  by  use  of 
the  tripping  bar.  The  trestles  could  be  lowered  previous  to  all  danger 
from  drift  or  ice. 

To  operate  such  a  dam  it  would  first  be  necessary  to  raise  all  the 
trestles.  As  the  head  to  be  sustained  would  be  only  that  which  ac- 
cumulated while  the  shutters  were  being  raised,  it  would  be  small,  and 
therefore  the  trestles  could  be  light  and  of  wide  span  and  without  es- 
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cape  bars.  They  would  be  raised  at  the  rate  of  at  least  one  trestle 
per  minute,  or  say  100  ft.  of  dam  in  ten  minutes.  After  the  trestles 
were  all  u]},  the  needles  could  be  either  carried,  taken  on  a  truck,  or 
transported  in  a  boat  and  placed  ready  for  droi^iiing  into  position  on 
suitable  brackets  or  supports  along  the  trestles.  When  all  were  ready, 
the  releasing  of  the  supports  would  simultaneously  let  fall  all  the 
needles  and  cut  off  the  flow  of  water.  The  raising  of  the  shutters,  the 
chains  of  which  come  up  with  the  trestles,  can  then  be  effected  in  quiet 
water  by  the  methods  now  in  vogue  on  wicket  dams.  On  very  long 
dams  it  would  be  advisable  to  raise  them  from  each  end  at  the  same 
time,  so  as  to  facilitate  the  erection.  After  all  shutters  have  been 
raised,  the  removal  of  a  few  needles  will  permit  the  i^ressure  to  come 
against  the  dam  projjer,  and  the  needles  in  place  Avill  at  once  float  up 
and  can  be  loaded  into  a  boat  or  carried  ashore.  The  trestles  can 
either  be  left  standing  for  convenience  in  crossing,  etc.,  or  they  can 
at  once  be  lowered  out  of  harm's  way. 

GiRARD  Shutter  Dam. 

The  Girard  shutter  dam  consists  in  the  application  to  a  Thenard 
shutter  of  hydraulic  pressure  aijplied  through  the  instrumentality  of 
a  jack  into  which  works  a  piston.  The  pressure  for  operating  the 
piston  is  obtained  from  pumps  worked  by  a  turbine  water-wheel  which 
is  moved  by  the  fall  of  the  water.  The  shutters  are  closed  against  the 
force  of  the  stream. 

This  dam  was  invented  in  1869  by  M.  Girard,  a  French  engineer  of 
eminence.  M.  Girard  was  killed  by  a  Prussian  bullet  during  the 
Franco-Prussian  war,  before  the  dam,  upon  which  he  was  to  try 
the  utility  of  his  invention,  was  completed.  He  was  awarded  a 
contract  to  put  in  seven  of  his  shutters  on  the  weir  of  the  He 
Brulee  dam  at  Auxerre  on  the  Yonna.  The  work  was  completed  by 
M.  Gallon. 

Description. — The  system  of  M.  Girard  consists  of  a  series  of  large 
shutters  or  wickets  moving  around  a  horizontal  axis  placed  at  the 
lower  edge  of  the  shutter,  the  axis  turning  in  a  cast-iron  hollow  quoin 
which  is  embedded  in  the  crest  of  the  masonry.  The  He  Brulee  dam 
contains  seven  of  these  shutters.  They  are  11.55  ft.  wide  by  6.46  ft. 
high.  They  are  made  of  fir  joists  4  ins,  thick,  fastened  to  the  lower 
axis  and  to  the  upper  timber  of  the  shutter  and  joined  at  the  middle 
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to  the  cast-iron  cross-bead  of  the  counecting  rod.  Each  shutter  is 
com2)osed  of  three  pieces  of  I-shaped  wrought  iron,  fastened  to  the 
axle  at  the  bottom.  The  joists  are  fastened  to  the  up-stream  side  of 
these  ni -irons,  and  on  the  lower  side  is  a  plate  of  sheet  iron.  The 
sjjace  between  consecutive  shutters  is  If  ins. 

Attached  to  each  shutter  is  a  hydraulic  jack.  It  is  fastened  to 
the  down-stream  side  of  the  floor,  inclined  10°,  and  firmly  anchored  in 
the  masonry.  The  jacks  are  made  of  cast  iron.  Their  exterior  diam- 
eter is  16  ins.  and  their  walls  are  1^  ins.  thick.  Into  each  jack  works 
a  piston.  The  piston  is  of  cast  iron,  covered  with  a  jacket  of  red  cop- 
l)er.  It  is  12  ins.  in  diameter,  and  slides  through  a  stuffing-box  of 
hammered  cojiijer,  which  forms  a  joint  that  becomes  tighter  as  the 
pressure  increases.  The  piston  carries  a  cast-iron  cross-head  which 
is  guided  in  its  course  by  three  connecting  rods,  joined  to  the  cross- 
head  and  fastened  at  the  middle  of  the  shutter.  This  latter  cross- 
head  moves  in  a  hollow  quoin  also.  The  connecting  rods  transmit  the 
l^ower  of  the  jack  to  the  shutter. 

Each  jack  is  supplied  with  a  cojiper  pipe,  1  in.  in  interior  diameter, 
entering  the  jack  at  its  lower  end.  These  copper  pipes  connect  with 
the  generator  and  accumulator  of  pressure,  and  carry  the  water  press- 
ure to  the  jacks. 

On  the  abutment  is  built  an  engine-house  containing  a  turbine 
wheel,  a  double  acting  water  pumji,  an  air  pump,  and  an  air  chamber, 
or  accumulator  of  compressed  air.  The  turbine  wheel  has  a  vertical 
axis,  and  is  i  ft.  in  diameter.  A  crank  at  the  top  of  the  axis  works 
the  water  pump,  which  is  provided  with  a  plunger,  and  also  the  aii- 
])ump,  both  pumps  being  operated  by  the  same  piston  rod.  The  water 
pumps  draw  water  directly  from  the  river  if  it  is  clear;  otherwise  from 
a  reservoir*  in  the  abutment.  The  accumulator  is  a  cast-iron  cylinder 
whose  interior  diameter  is  26  ins.  and  whose  height  is  11|  ft.  The 
cylinder  walls  are  2  ins.  thick. 

Communication  is  established  between  the  pump,  the  accumulator 
and  the  jacks  by  means  of  three-way  cocks,  which  allow  water  to  be 
introduced  into  the  cylinder,  and  the  removal  of  the  same  by  means  of 
a  discharge  pipe.  They  also  establish  direct  communication  between 
the  cylinder  and  the  pump,  if  it  is  not  desired  to  use  the  accumulator. 
They  send  the  water  from  the  pump  to  the  accumulator,  or  they  shut 
oflf  evervthing. 
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Maneuvers. — The  shutters  are  maneuvered  by  turning  the  cocks. 
By  putting  each  jack  into  connection  with  the  pump,  or  with  the 
accumulator,  the  piston  is  made  to  run  out  of  the  jack,  and,  conse- 
quently, the  shutter  is  forced  up.  To  lower  the  shutter,  the  cock  is 
opened  into  the  discharge  pipe,  the  water  runs  out  and  the  pressure 
on  the  shutter  causes  it  to  fall.  When  down,  it  lies  flat  on  the 
masonry  and  forms  no  obstacle  to  navigation.  The  accumulator  is 
intended  as  a  governor  for  the  pumj^s.  By  it  also  the  shutters  may  be 
raised  when  the  upper  pool  is  too  low  to  set  the  turbine  wheel  in 
motion. 

Supposing  the  pass  and  the  weir  to  be  entirely  open,  and  the 
accumulator  empty,  the  Girard  dams  can  be  maneuvered  only  by 
creating  a  fall  sufficient  to  set  the  turbine  and  the  pump  in  motion. 
The  He  Brulee  dam  is  supplied  with  Chanoine  wickets  in  the  pass. 
These  are  closed  by  a  maneuvering  boat.  This  raises  the  level  of  the 
water  sufficiently  to  start  the  turbine,  and  the  jacks  may  be  worked 
directly  from  the  pumj^s. 

The  accumulator  should  be  used,  as  a  genei'al  thing.  When  it  is 
empty,  the  air  pump  is  set  in  motion  until  it  compresses  the  air  to  10 
atmosjjheres;  then  the  water-pumps  force  water  into  the  accumu- 
lator until  the  air  pressure  is  from  20  to  25  atmospheres.  If  the 
fall  is  light,  the  accumulator  has  power  to  raise  the  whole  dam.  The 
time  taken  for  this  maneuver  is  less  than  half  a  minute.  If  the 
fall  is  over  3  ft.,  the  jjump  must  be  kept  at  work,  to  assist  the  accu- 
mulator. The  time  required  in  such  a  case  is  about  5  to  6  minutes, 
and  the  total  raising  of  the  dam  reqiiires  not  more  than  10  to  15 
minutes. 

The  shutters  may  be  lowered  with  equal  facility  by  turning  the 
cocks  so  as  to  open  into  the  discharge  pipe.  It  requires  about  2 
minutes  to  lower  a  shutter.  The  jacks  may  be  raised  or  lowered  at 
will,  and  independently  of  each  othei-,  so  that  any  height  of  the  upjier 
pool  may  be  maintained.  The  shutters  may  be  stopped  at  any  point 
by  turning  the  cock.  This  is  useful  in  moderating  the  scour  and  in 
preparing  for  a  moderate  rise. 

Maneuvering  is  rendered  easier  by  the  construction  of  Papillon 
valves.  When  the  shutter  is  down,  these  valves  open  by  the  pressure 
of  the  water,  so  that  only  their  thin  edge  sustains  a  pressure.  The  re- 
sistance in  raising  is  thtis  diminished.     When  raised,  the  valves  close 


THOMAS  ON  MOVABLE  DAMS.  537 

themselves.  Each  shutter  is  jjrovided  Avith  tliree  valves  2  ft.  11  ins.  wide 
by  2  ft.  8  ins.  high.  The  valves  also  assist  in  regulating  the  height  of 
the  pool. 

Cons/ruction. — The  weif,'ht  of  each  shntter  is  2  552  lbs.  The  weight 
of  each  piston  is  3  908  lbs.  The  hydraulic  jacks  sustain  a  pressure  of 
1 414  lbs.  to  the  square  inch  under  a  pressure  of  25  atmospheres,  and  the 
accumiilator  2  404  lbs.  The  copper  pipes,  1  515  lbs.  The  strain  on  the 
piston  and  connecting  rod  is  about  2  830  lbs.  per  sqiiare  inch.  The 
strain  on  the  shutters,  256  lbs.  If  a  greater  pressure  than  25  atmos- 
pheres is  generated,  the  air  will  esca^je  through  the  joints  and  cocks, 
and  to  prevent  this  they  should  be  lined  with  lead. 

The  cost  of  constructing  this  dam  of  seven  shutters  at  He  Brulee 
was  $8  600,  with  iBl  150  for  contingencies  and  extras,  thus  making  the 
total  cost,  not  including  masonry,  8119  per  running  foot.  The 
masonry,  including  coflfer  dams  and  excavations,  cost  $60  per  foot, 
making  a  total  of  .S179  per  running  foot. 

Conclusions. — The  Girard  dam  is  very  easily  and  rapidly  raised  and 
lowered  without  shock.  The  experiment  as  tried  at  He  Brulee  is  said 
to  have  been  jjerfectly  successful. 

The  leakage  is  very  materially  reduced  on  account  of  the  large 
wickets  and  the  smallness  of  the  openings  between  them. 

It  is  applicable  to  lifts  of  any  height  and  to  great  lengths  of  dam. 
Objections  have  been  urged  against  the  use  of  this  dam  as  follows: 
It  is  a  complicated  piece  of  machinery  and  likely  to  get  out  of  order. 
The  greatest  of  care  should  be  necessary  to  secure  continued  success- 
ful operation. 

It  was  feared  that  the  jack  Avould  become  filled  with  sand.  This, 
it  is  thought,  is  not  well  founded,  although,  if  this  system  were  used 
in  the  navigable  pass,  sanding  up  would  be  more  likely  to  occur. 

Freezing  weather  would  be  a  very  great  detriment.  To  avoid  this 
the  jacks  have  to  be  placed  below  low-water  line.  This  renders  it 
difficult  to  make  repairs.  The  pumps,  the  accumulator,  and  the  cocks 
are  in  a  building  which  could  be  heated  in  winter  time.  Carelessness 
in  cold  weather  would  freeze  this  dam  up  and  render  it  useless.  It 
was  thought  thut  by  the  use  of  alcohol  and  water  mixed,  the  freezing 
temi^erature  would  be  sufficiently  lo  wered  to  prevent  danger.  This 
would  be  found  too  expensive,  as  27  galls,  of  water  daily  are  required 
to  operate  the  jacks. 
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Janicki  Dam. 

This  (lam  is  the  invention  of  S.  Janicki,  a  Russian  Engineer,  and 
director  of  the  Moskva  Navigation  Company.  The  author  is  not  cer- 
tain whether  to  place  it  among  those  which  have  been  employed  in  the 
improvement  of  rivers,  or  whether  it  is  still  among  those  characterized 
by  M.  Malezieux  as  "projects,  studies,  experiments,  inchoate  ideas, 
more  or  less  venturesome." 

M.  Janicki  in  describing  his  invention  says : 

"  Being  under  the  necessity  of  jjlanning  a  dam  for  a  very  wide  river 
(1  300  ft.),  whose  floods  are  very  rare  and  slow,  I  thought  of  applying 
the  system  of  Poiree  trestles  and  Boule  gates  similar  to  those  of  the 
Moskva.  But  the  use  of  trestles  on  wide  rivers  has  the  disadvantage, 
that  all  must  be  dropped  in  the  same  direction,  requiiing  much  time. 
In  the  solution  offered,  the  skeleton  and  the  screen  are  separated,  the 
same  as  in  the  Poiree-Boule  combination,  but  the  trestles  fold  up  and 
lie  down  horizontally,  parallel  to  the  thread  of  the  stream,  independ- 
ent of  each  other." 

This  trestle  is,  in  fact,  the  frame  of  a  Thenard  shutter  with  foot- 
bridge added,  over  which  may  be  placed  jalanks,  gates,  needles,  and 
shutters  for  stopjiing  the  water.  In  his  own  words  the  dam  is  described 
as  follows: 

"  The  up-stream  standards  of  a  trestle  are  composed  of  two  double 
T-irons,  suitably  connected  and  braced  so  as  to  form  a  rigid  frame, 
upon  the  up-stream  side  of  which  the  movable  gates  are  slid  into  place 
from  above,  when  the  dam  is  to  be  closed  up  after  raising.  Each 
frame  has  an  axis  of  rotation  at  its  lower  end,  which  passes  through 
journal  boxes  fastened  to  the  floor.  A  second  axis,  near  mid-height 
of  the  frame,  serves  as  a  hinge  for  the  heads  of  the  props,  which  hold 
the  frames  after  they  are  raised.  The  feet  of  these  props  rest  against 
double-stepped  hurters  of  the  Pasqueau  system. 

"  The  width  of  the  frame,  forming  the  up-stream  face  of  each  tres- 
tle, depends  on  the  width  to  be  given  to  the  gates.  As  a  riile,  this 
width  will  be  the  same  as  the  distance  between  the  trestles  of  the 
ordinary  trestle  dam.  The  distance  between  the  adjacent  standards 
of  two  consecutive  trestles  should  be  the  same  as  the  distance  between 
the  standards  of  the  same  trestle,  in  order  that  the  closing  gates  may 
rest  discriminately,  either  against  the  standards  of  the  same  trestle, 
or  against  the  standards  of  two  consecutive  trestles. 

"  From  what  precedes  it  will  be  seen  that  each  chief  standard  with 
its  props  forms  a  kind  of  trestle  that  can  fold  up  and  lie  down  hori- 
zontally parallel  to  the  thread  of  the  stream.  In  order  to  compel 
these  folding  trestles  to  always  keep  in  the  sj),me  vertical  plane,  par- 
allel to  the  current,  while  they  are  being  raised  or  lowered,  we  connect 
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them  two  by  two,  as  has  already  been  saiil.  both  by  means  of  the 
axes,  which  serve  as  hinfifes,  and  by  the  braces  that  hokl  tof^ether  the 
two  principal  ujj-stream  standards. 

"  It  is  also  practicable  to  add  to  the  rigidity  of  the  system  by  partly 
bracing  together  the  two  props  of  the  same  trestle.  Below  the  front 
rank  of  principal  frames  there  is  jjlaced  a  second  rank  of  very  light 
frames  similar  to  the  first,  and  connected  with  the  latter  on  top  by 
cross-pieces  ijarallel  to  the  thread  of  the  stream.  These  two  frames, 
thns  connected  by  cross-pieces,  having  axes  of  rotation  at  the  points 
of  intersection,  form,  in  the  vertical  plane  parallel  to  the  current,  two 
movable  jjarallelograms  which  can  fall  down  stream  and  lie  horizon- 
tally on  the  floor. 

"  AVheu  the  system  which  has  been  described  is  upright,  siipported 
by  the  props,  each  trestle  forms  a  skeleton,  which  can  serve  both  as  a 
service-bridge  for  placing  and  maneuvering  the  gates,  and  also  as  a 
support  against  the  pressure  of  these  gates. 

"  The  operation  of  raising  a  dam  composed  of  such  tx-estles  is  per- 
formed as  follows :  On  a  small  railroad  on  the  abutment  there  is  a  roll- 
ing crane,  suitably  weighted,  having  an  adjustable  boom.  This  crane, 
which  is  worked  by  hand,  begins  by  raising  the  first  trestle,  which  is 
lying  on  the  floor,  at  the  distance  from  the  l)ank  equal  to  its  width;  as 
soon  as  the  feet  of  the  props  are  heard  to  fall  into  their  seats, the  crane 
ceases  to  raise.  Two  balks  are  placed  from  the  abutment  to  the  cross- 
pieces  of  this  first  trestle.  On  these  is  laid  the  flooring  of  the  service- 
bridge,  and  then  the  crane  is  run  forward  on  this  first  piece  of  dam. 
From  this  point  the  second  trestle  is  raised  and  the  second  piece  of 
dam  is  erected,  .and  so  on  to  the  end.  When  once  all  of  the  trestles 
have  been  raised,  the  horizontal  gates  are  brought  up  on  trucks  and  are 
put  in  place  by  hand,  as  is  done  on  a  trestle  dam. 

"To  perform  the  reverse  operation,  that  is,  to  lower  the  dam,  we 
begin  by  lifting  and  removing  all  the  gates  by  hand,  with  the  aid  of 
boat  hooks,  and  with  the  same  crane  we  raise  slightly  the  trestle, 
which  we  wish  to  lower,  until  the  proj?  falls  ofl"  of  the  sliding  step; 
the  crane  then  lowers  the  trestle  and  its  accessories  to  the  floor.  Dur- 
ing this  operation  the  crane  travels  backward,  until  it  reaches  the 
abutment,  whence  it  began  the  operation  of  raising. 

"From  this  concise  descrijition,  which  shows  the  idea  which 
guided  us  in  proposing  the  kind  of  dam  of  which  we  are  speaking,  the 
advantages  of  using  it  can  be  deduced.     They  are  as  follows: 

"1.  By  this  system,  a  dam  of  any  length  whatever  can  be  built 
without  intermediate  piers. 

"2.  A  dam  of  this  kind  gives  a  surface  overflow  along  its  whole 
length,  and  it  is  exactly  as  water-tight  as  a  trestle  with  Boule  gates. 

"3.  The  operations  of  raising  and  lowering  a  dam  of  this  kind  can 
be  begun  simultaneously  from  the  two  abutments  by  means  of  two  dif- 
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ferent  ci-anes,  and  it  is  even  possible,  if  greater  speed  is  desired,  to 
raise  the  trestles  by  means  of  boats  equipj^ed  with  light  shears. 

•'4.  Should  the  dam  be  sanded  up  at  one  or  at  several  places,  the 
raising  of  the  trestles  is  not  hindered,  since  it  is  practicable  to  raise 
at  will  any  of  the  parts  of  the  dam  which  are  not  covered;  and  by  in- 
creasing the  ciirrent  over  the  sanded  parts,  they  are  rapidly  cleaned  oflf. 

"  5.  Since  in  our  style  of  dam  the  skeleton  serves  also  as  a  service- 
bridge,  this  style  must  necessarily  be  cheaper  than  those  in  which  it  is 
necessary  to  place  above  the  true  dam  a  special  service-bridge.  For 
the  same  reason  the  operations  of  raising  and  lowering  such  dams  are 
more  rapid. 

"6.  The  kind  of  dam  thus  described  can  be  used  for  the  greatest 
lifts  without  inconvenience." 

Beak-Teap  Dams. 

It  is  not  proposed  in  this  paper  to  take  up  at  length  any  of  those 
forms  of  dams  maneuvered  by  the  force  of  the  water,  and  a  brief 
description  of  their  principal  points  is  all  that  will  be  attempted. 
The  paper  of  Mr.  A.  O.  Powell,  published  in  Vol.  XVI  of  the  Journal 
of  the  Associated  Engineering  Societies  is  accessible  to  all,  and 
amply  discusses  these  forms  of  dams.  Nowhere  have  they  been  ai^plied 
to  navigable  passes  of  great  or  even  ordinary  width;  and  in  their 
present  state  of  development  they  can  scarcely  be  classed  as  movable 
dams,  in  the  true  sense  of  the  word,  but  rather  as  gates  for  sluices, 
locks,  etc.  That  the  time  is  fast  apjjroaching  when  they  will  be 
largely  used  for  purposes  of  navigation  is  not  doubted  by  many  able 
engineers  who  have  been  for  years  trying  to  solve  some  of  the  difficult 
problems  connected  with  their  successful  operation. 

Original  Form. — The  American  bear-trap  dam,  first  used  in  1818 
in  the  Lehigh  River,  by  Josiah  White  and  Erskine  Hazard,  is  the 
earliest  of  the  modern  movable  dams,  and  presents  many  admirable 
features.  It  went  out  of  use,  practically  on  account  of  its  cost  and 
difficulty  of  operation,  as  originally  built;  but  interest  in  it  is  now 
being  revived,  with  fair  prospects  of  its  introduction  on  navigable 
streams. 

It  consists  of  two  gates,  an  up-sti"eam  and  a  down-stream  one, 
revolving  around  horizontal  axes  fixed  to  the  floor;  the  up-stream  one 
overlapping  the  down-stream  one,  when  down,  and  resting  on  its 
point  when  raised.  The  gates  close  tightly  against  each  other  and 
against  the  side  walls.     Two  culverts  are  built  in  the  side  walls,  end- 
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ing  in  the  upper  and  lower  jjooIs.  A  passage  connects  the  culverts 
with  the  space  under  the  gates,  and  the  culverts  are  provided  with 
valves  for  making  connection  with  the  pools.  The  pressure  under 
the  gates  is  increased  when  water  from  the  upper  pool  is  introduced, 
and  the  gates  rise.  Strips  on  the  side  walls,  or  stay-chains,  prevent 
the  gates  from  rising  too  high. 

The  principal  defects  in  the  original  type  are : 

(1)  Sliding  friction  between  the  leaves. 

(2)  Width  of  base  too  great  for  height  attained. 

(3)  The  overlaj}  of  upper  upon  lower  leaf. 

(4)  Inability  to  rise  or  fall  uniformly. 

(5)  Necessity  for  initial  head  in  raising. 

(6)  Difficulty  of  stopping  without  shock  when  rising. 

(7)  Difficulty  of  operation  in  wide  passes,  and  division  into  several 
sections. 

(8)  Leakage  at  time  of  raising. 

(9)  Liability  of  binding  on  debris  along  side  walls  and  driftwood 
lodged  in  the  exterior  angle  between  the  leaves. 

(10)  Cost. 

Modifications;  Carro. — The  first  objection  was  overcome  by  M. 
Carro,  a  French  engineer,  by  hinging  the  leaves  together  at  the  apex; 
but  in  so  doing  he  gained  but  little,  as  his  up-stream  leaf  must  slide 
at  the  bottom,  back  against  the  head  of  water.  This  dam  consists  of 
two  gates,  or  rather  one  connected  by  hinges,  and  resting  on  wooden 
axles,  whose  ends  are  journals  provided  with  rollers,  which  roll  on 
rails  parallel  wdth  the  thread  of  the  stream.  Links  fastened  to  the 
lower  gates  are  also  fastened  to  fixed  points  distributed  along  a  right 
line  parallel  to  the  crest  of  the  dam.  There  is  a  passage  under  the 
gates  2  ft.  deep.  "When  the  gates  are  up,  they  have  the  appearance  of 
a  bear-trai^  dam.  They  are  lowered  by  the  ends  rolling  in  opposite 
directions  until  the  gates  lie  fiat.  The  conduit  running  beneath  the 
gates  is  put  in  communication  with  the  upper  pool  by  halves  for  rais- 
ing the  gates,  and,  by  shutting  off  this  connection  and  opening  the 
valves  into  the  lower  pool,  the  dam  is  lowered. 

The  pressure  of  the  water  is  exerted  under  the  lower  gate,  and  it 
communicates  the  force  by  way  of  the  hinges  to  the  upper  gate.  The 
latter  only  plays  a  passive  part.  When  the  gates  are  clear  down,  the 
upjier  gate  prevents  the  lower  one  from  rising  spontaneously. 
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Parker. — The  defects  of  sliding  friction  and  wide  base  were 
remedied  by  Thomas  Parker,  who  not  only  retained  the  old  hinges  of 
the  bear-trap  and  the  new  one  of  Carro,  but  added  a  fourth  by  dividing 
the  upper  leaf  into  two  parts,  which,  when  down,  folds  inward  upon 
itself,  similar  to  the  idea  of  the  French  engineer,  Girard,  who,  how- 
ever, placed  his  joint  in  the  lower  leaf.  Mr.  Parker's  invention  pretty 
well  overcomes  many  of  the  objections  above  given.  There  is  no  slid- 
ing friction,  the  width  of  base  is  greatly  reduced,  the  overlap  is  done 
away  with,  the  construction  necessitates  uniformity  in  raising,  it 
cannot  come  to  a  sudden  stop,  it  need  not  leak,  and  its  cost  is  not 
necessarily  excessive.  The  difficulty  of  drift  catching  in  the  folding 
leaf  is  overcome  by  the  introduction  of  an  idler  or  auxiliary  leaf 
hinged  to  the  ajjex  and  covering  the  joint,  and  sliding  at  the  foot  on 
the  floor.  The  application  to  wide  passes  has  not  been  assured,  how- 
ever, nor  has  the  ability  to  rise,  without  increased  head.  Parker  gates 
have  been  built  only  to  a  limited  extent,  and  so  far  as  known  to  the 
author,  the  one  at  the  Muscle  Shoals  Canal  (40  ft.  in  length  and  8i  ft. 
high)  is  the  longest  one  yet  erected. 

Lang. — Robert  A.  Lang  conceived  the  idea  of  making  the  idler  an 
essential  part  of  the  gate  and  substituting  chains  for  the  upper  sec- 
tion of  the  up-stream  leaf.  Thus  the  idler  slides  on  the  lower  section 
and  reintroduces  sliding  friction,  but  the  effect  of  this  friction  is  par- 
tially overcome  by  the  weight  of  that  portion  of  the  gate  suspended  in 
the  air,  just  at  the  point  when  it  would  be  most  troviblesome.  The 
use  of  rollers  on  the  edge  of  the  idler  will  doubtless  greatly  reduce 
the  friction.  Quite  a  number  of  Lang  gates  have  been  built  and  are  in 
successful  operation  as  lumbermen's  dams  and  for  power  companies, 
and  the  United  States  have  recently  completed  one  at  Louisville  (Fig.?).* 
These  dams  range  in  length  from  11  to  80  ft.,  and  in  height  from  6  to 
16  ft.  The  gates  at  Sandy  Lake  reservoir  in  Minnesota,  built  by  the 
United  States,  are  respectively  11  ft.  long  and  12  ft.  high,  and  40  ft. 
long  and  13  ft.  high.  A  letter  to  the  author  from  Lieutenant-Colonel 
"W.  A.  Jones,  the  oflScer  in  charge  of  the  district,  dated  May  7th,  1897, 
says:  "The  gates  at  Sandy  Lake  dam  have  been  subjected  to  practi- 
cally all  possible  conditions  of  water  above  and  below.  There  is  no 
doubt  of  the  success  of  this  form  of  movable  dam.  There  have  been 
no  failures  of  this  form  of  gate  thus  far;  they  operate  quickly;  one 
man  with  a  short,  easy  stroke  at  the  wheel  does  it."     A  full  descrip- 

*  Modified  Parlcer,  not  Lang.    See  Captain  Warren's  discussion. 


THOMAS  ON  MOVABLE  DAMS. 


543 


544  THOMAS  ON  MOVABLE  DAMS. 

tion  of  tliese  gates  may  be  found  in  the  Journal  of  the  As-iociation  of 
Engineering  Societies,  Vol.  XVI,  page  210,  and  also  a  more  general  de- 
scription in  the  same  volume,  page  238,  where  a  design  for  a  GOO-ft. 
dam  is  presented  by  Colonel  Jones. 

Miirshall.—^iQ..'L.  Marshall,  M.  Am.  Soc.  C.  E.,  Major,  Corps  of 
Engineers,  U.  S.  Army,  has  patented  several  forms  of  bear-trap  gates. 
The  general  features  of  two  of  these  designs  are  fully  described  in  The 
Journal  of  the  Association  of  Engineering  Societies,  Vol.  XVI,  1896,  page 
218. 

A  later  design  of  Major  Marshall  is  thus  described  by  him:* 

"  The  object  of  the  invention  is  to  so  improve  the  dam  or  gate, 
known  as  the  original  bear-trap,  devised  and  invented  by  Josiah 
White,  that  it  shall  preserve  the  advantages  of  that  gate  due  to  its  dis- 
connected or  separate  leaves,  while  at  the  same  time  the  possible 
height  of  crest  above  the  foundation,  relatiA'e  to  the  width  of  the  base 
or  development  of  leaves  of  such  dam  or  gate,  shall  be  increased;  also 
to  so  improve  the  known  means  of  admitting  and  withdrawing  water 
to  and  from  the  hydraulic  chamber  of  the  dam  that  twisting  or  warp- 
ing of  the  leaves  may  be  avoided  or  controlled,  thus  making  long  con- 
tinuous dams  possible;  also  to  so  restrain  the  motions  of  the  down- 
stream leaf  by  water  brakes,  as  to  prevent  anything  like  a  ramming 
action  when  the  gate  is  brought  to  its  fully  raised  position;  but  instead 
to  gradually  stop  the  upward  motion  of  the  gate  withoiit  the  possi- 
bility of  carrying  away  the  fastening  of  the  lower  leaf. 

"  The  invention  is  designed  to  secure  smooth  surfaces  for  the  pas- 
sage of  drift,  and  all  the  advantages  of  separate  leaves,  and  also  the 
advantages  of  jointed  leaves,  without  incurring  the  disadvantages  com- 
mon to  hydraulic  dams  with  the  leaves  hinged  together  at  the  crest  of 
the  dam,  which  construction  involves,  in  most  hinged-leaf  dams,  four 
parallel  axes  of  rotation,  which  are  diiiicult  to  practically  construct. 

"The  invention  consists  in  a  dam  or  gate  of  two  disconnected  leaves 
hinged  to  the  foundation;  the  down-stream  leaf  having  attached  to  its 
up-stream  edge  a  rotating  shoe  or  toggle  leaf,  which  travels  on  rollers 
along  the  under  side  of  the  up-stream  leaf  until  it  strikes  a  stop  or 
quoin  on  the  under  side  of  the  up-stream  leaf  at  the  top,  by  the  resist- 
ance of  which  it  is  forced  to  rotate,  and  further  jjush  up  the  up-stream 
leaf;  and  in  adjustable  telescoping  tie  rods,  some  or  all  of  which  are 
provided  with  a  cylinder  and  piston  or  jjlunger,  attached  to  the  down- 
stream leaf  and  to  the  foundation;  which  constitute  hydraulic  brakes, 
and  which  are  brought  into  play  first  before  the  toe  of  the  shoe  or 
toggle  leaf  strikes  the  quoin  or  stop,  to  bring  the  gate  gradually  to 
rest  without  shock  to  gate,  stops  or  quoins,  fastening  or  toggle  joint." 

*  Patent  Office  Application  (by  permission  of  inventor). 
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Bu  Bois. — John  Du  Bois  applied  an  apron  to  the  down-stream  leaf 
of  an  old  bear-trap  in  order  to  provide  a  more  even  slope  in  the  inter- 
mediate positions  of  the  dam.  He  also  hinged  the  leaves  at  the  apex 
before  M.  Carro. 

Wood. — The  dam  proposed  by  Capt.  J.  A.  Wood,  of  Pittsburg,  is  a 
modified  bear-trap,  very  similar  to  that  of  M.  Carro.  It  dispenses 
•with  the  links  of  the  latter,  and  does  not  utilize  the  water  of  the  pool 
for  raising  the  dam.  The  gates  are,  however,  hinged  together,  and 
the  down-stream  gate  is  kept  down  on  its  iron  track.  His  method  of 
maneuvering  was  that  of  chains  wound  around  an  axle  under  the 
gates,  to  be  operated  by  steam  or  water  power.  The  upper  gate  turned 
on  an  axle  fastened  to  the  floor;  the  apron  of  the  lower  gate  was 
allowed  to  move  forward  and  back  in  grooves.  By  winding  it  on  the 
windlass,  the  apron  moved  up  stream,  forcing  the  dam  to  rise.  The 
contrary  motion  lowers  the  gate.  The  objection  to  this  dam  is  that  it 
does  not  utilize  natural  forces. 

Problems. — The  problems  to  be  solved  before  a  satisfactory  bear- 
trap  dam  can  be  designed  are  : 

(1)  The  distribution  of  the  water  under  the  dam  in  such  manner  as 
to  raise  or  lower  the  gates  without  warping,  twisting  or  injury. 

(2)  The  securing  of  the  power  necessary  to  start  the  gates  upward 
where  no  natural  head  exists. 

(3)  The  application  of  the  gates  to  passes  of  great  width  without 
the  introduction  of  piers  or  other  obstructing  parts. 

(i)  Uniform  Movement. — The  first  of  these  problems,  the  distribu- 
tion of  the  water  supply  utilized  in  raising  the  leaves  so  that  the 
gates  will  rise  or  fall  uniformly  without  warping,  may  be  solved  in 
narrow  chutes,  as  at  Davis  Island  drift  gap,  by  introducing  the  water 
from  each  end  of  the  gates.  In  wider  openings,  the  proposition  has 
been  made  to  fill  through  culverts  with  orifices  discharging  directly 
under  the  gates  at  intervals.  Still  another  plan  has  been  proposed  to 
assure  uniform  raising,  that  of  building  the  dam  so  tight  that  leakage 
will  be  impossible.  In  this  way  water  can  be  admitted  slowly  and 
have  time  to  distribute  itself.  This  suggestion  has  much  good  sense 
in  it. 

Mr.  Du  Bois  proposed  and  unsuccessfully  tried  racks  and  pinions 
for  this  purpose.  On  a  shaft  attached  to  the  floor  were  keyed  pinions 
which  worked  in  racks  fastened  to  spuds  hinged  near  the  upper  end  of 
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the  lower  leaf.     Thus  the  leaves  could  not  move  without  rotating  the 
shaft  and  simultaneouslv  moving  the  spuds. 

Mr.  Martin  experimented  with  racks  and  pinions  at  Davis  Island, 
and  makes  the  following  suggestion  as  to  their  application:* 

"  On  the  under  side  of  the  upper  leaf  construct  racks  of  the  length 
of  the  overlap  of  the  leaves.  In  the  upper  end  of  the  lower  leaf  is  a 
shaft  of  the  full  length  of  the  dam.  which  carries  pinions,  about  10  ft. 
apart,  meshing  into  the  racks  in  the  upper  leaf.  These  pinions  act  as 
rollers  to  reduce  the  friction  between  the  leaves.  The  leaves  are  united 
by  a  sliding  link  in  order  to  keep  the  gearing  in  contact.  Experi- 
ments made  on  the  rack-and-pinion  device  with  a  good-sized  model, 
well  illustrate  the  practicability  of  the  plan  to  prevent  warping  of  the 
gate,  for,  however  unevenly  the  pressure  is  applied,  the  gate  will  rise 
with  a  uniformly  level  crest,  but  on  a  dam  of  considerable  size  a  great 
risk  would  be  taken,  as  a  stoppage  in  any  one  pinion  would  lock  the 
movement  of  the  leaves  or  cause  a  breakage.  I  am  firmly  of  the 
opinion  that  the  old  style  bear-trap,  properly  proportione<.i  and  built 
in  a  substantial  manner,  reducing  the  leakage  to  a  minimum,  is  capable 
of  successful  use  in  spans  up  to  lengths  from  20Ci  to  300  ft." 

Major  Marshall  has  devised  an  ingenious  scheme  which  he  describes 
as  follows  rh 

"An  arrangement  of  conduits  and  valves,  and  a  mode  of  operating 
the  same,  by  which  the  supply  and  exit  of  water  and  the  resulting 
pressures  within  the  hydraulic  chamber  may  be  differentiated,  directed 
and  controlled  in  such  manner  that  the  movements  of  the  gate  may 
be  made  uniform  by  the  application  of  adequate  pressures  at  the 
points  requiring  them,  by  varying  the  amounts  of  water  under  press- 
ure and  rate  of  supply,  to  and  from  various  parts  of  the  hydraulic 
chamber,  thus  producing  equal  or  unequal  pressures  at  will  over  dif- 
ferent parts  of  the  hydraulic  chamber  throughout  its  extent.  Equal 
and  uniform  motions  of  the  gate  are  continued  by  equal  and  uniform 
supply  and  withdrawal  of  water  under  it,  and  unequal  movements  of 
the  gate  are  connected  by  the  application  of  correspondingly  unequal 
pressures  at  the  proper  points  of  the  hydraulic  chamber.  This  is 
effected  by  the  special  arrangement  of  conduits,  orifices  and  valves 
by  which  the  hydraulic  chamber  is  divided  into  aliquot  parts  by  im- 
aginary planes  at  right  angles  to  the  crest,  each  such  part  l>eing  served 
by  its  own  conduit  communicating  at  each  end  through  a  valve  with  a 
vestibule  or  chamber  common  to  all  conduits,  which  vestibules  are 
capable  of  being  made  part  of  upper  or  lower  pools,  either  or  both. 

••  When  all  such  conduits  are  put  in  communication  with  the  upper 
or  lower  pool,  the  other  pool  being  shut  off  from  the  vestibules,  water 

*  Journal  of  the  Asdociation  of  Engineering  Societies.  Vol.  xvi..  p.  309. 
+  Patent  Application. 
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■will  move  uniformly  iuto  or  from  the  hydraulic  chamber  throughout. 
One  or  more  of  the  conduits  can  now  be  shut  oflf  from  the  vestibules  at 
one  or  both  ends  of  the  conduit,  and  the  movement  of  the  water  iuto 
or  from  the  hydraulic  chamber  will  then  become  unequal  and  the 
pressures  correspondiuf<  unequal.  Or  the  vestibules  and  conduits  may 
be  served  so  that  one  vestibule  may  form  part  of  or  be  in  connection 
with  the  upper  pool  and  the  other  vestibule  with  the  lower  pool.  All 
or  any  of  the  conduits  may  in  this  case  be  put  in  communication  with 
the  entire  pool,  the  other  end  of  the  conduit  being  closed  by  its  valve, 
and  again  the  pressures  may  be  made  uniform  or  varied  throughout 
the  hydraulic  chamber. 

"  The  chamber  may  be  divided  iuto  any  suitable  number  of  aliqiiot 
parts  and  the  conduits  made  to  correspond.  This  arrangement  is  sug- 
gested by  the  observed  and  well-known  fact  that  the  movements  of  the 
gate  are  dependent  upon  the  actual  transfer  of  matter  in  contact  with 
it,  which  matter  (water)  moves  the  gate,  due  to  boils,  impact,  waves  or 
undulations  proceeding  from  near  the  orifices  of  ingress  or  egress  in 
the  hydraulic  chamber,  to  more  remote  parts  of  the  said  chamber,  in 
consequence  of  which  the  jjarts  of  the  gate  nearest  these  orifices  move 
more  rapidly  under  the  influence  of  the  flow  of  water  through  them 
than  more  remote  parts,  and  the  gate  is  thereby  twisted  or  warped. 
The  conduits  may  lead  in  from  each  end  of  the  gate  because,  by  allow- 
ing inflow  and  outflow  at  both  ends  simultaneously,  the  capacities  of 
the  conduits  may  be  doubled  and  the  arrangement  of  separate  conduits 
affords  facilities  for  flushing  or  scouring  out  each  separate  conduit  in 
succession  or  separately  without  materially  disturbing  the  stability  of 
the  dam.  By  placing  the  vestibules,  one  in  connection  with  the  upper 
level,  while  the  other  communicates  with  the  lower  level,  any  one  of 
the  conduits  may  be  placed  in  communication  with  the  lower  level  and 
a  current  sent  through  it,  all  conduits  being  at  the  same  time  in  com- 
munication Avith  the  upper  level — thus  supplying  a  vastly  greater 
quantity  of  water  than  the  amount  withdrawn." 

The  proper  construction  of  the  gates  so  that  they  will  not  warp  or 
twist,  no  matter  how  or  w-here  the  power  is  applied,  is  probably  the 
best  remedy  for  this  defect.  This  will  require  a  very  rigid  construc- 
tion and  possibly  an  expensive  one,  but  it  is  sure  to  be  successful. 

(2)  Initial  Head. — The  second  problem,  that  of  starting  the  gates, 
has  been  solved  by  the  introduction  of  an  auxiliary  dam  of  another 
type;  but,  as  this  necessitates  a  double  construction,  engineers  have 
been  trying  to  hit  upon  a  better  solution.  With  the  most  sensitive 
gate  it  is  evident  that  some  head  will  be  required  to  overcome  friction, 
sediment,  debris,  etc.,  and  the  excess  in  weight  of  the  gates  them- 
selves.    It  is  quite  easy  to  secure  a  head  where  the  bear-trap  is  lo- 
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cated  in  a  pass  of  higher  level  than  that  used  for  navigation,  because 
the  deeper  openings  can  be  closed  first;  but  how  can  this  head  be 
obtained  where  the  navigable  pass  itself  is  to  be  closed  by  this  form 
of  gate? 

In  the  bear-trap  weirs  of  Dam  No.  6,  on  the  Ohio  River,  it  is  pro- 
posed to  experiment  with  raising  by  the  use  of  compressed  air,  as 
stated  elsewhere  in  this  paper.  This  will  require  the  construction  of 
a  special  plant  at  considerable  expense.  The  author  is  of  the  opinion 
that  the  necessary  head  can  be  best  and  most  economically  obtained 
by  the  erection  of  a  low  auxiliary  dam  which  can  be  raised  from  the 
masonry.  A  dam  of  light,  A-sliaped  trestles,  1  ft.  in  width  and  spaced 
some  distance  apart,  will  partially  close  the  opening  and  produce  the 
required  head.  One  half  of  such  dam  can  be  raised  from  the  pier  and 
the  other  half  from  the  lock  wall  very  rapidly.  As  the  head  against 
these  trestles  would  be  only  such  as  is  required  for  starting  the  gates, 
it  is  evident  that  they  may  be  very  light,  simple  channels  or  planks. 

A  dam  in  use  at  La  Neuville,  France,  on  the  River  Marne,  which  has 
a  sluice  closed  by  bear-trap  gates,  which  are  raised  by  securing  a  head 
with  the  counter-shutters  of  Thenard,  is  described  as  follows: 

The  width  of  the  sluice  is  29  ft.  8  ins.  The  sill  is  3  ft.  below  low 
water,  and  9^  ft.  below  the  level  of  the  pool.  This  sluice  is  provided 
with  a  series  of  Thenard  counter-shutters  above  the  bear-trap  dam. 
To  close  the  dam  the  counter-shutters  are  raised,  shutting  off  all  water 
from  the  bear-trap.  The  down-stream  valves  of  the  ciilverts  are  shut. 
The  up-stream  valves  remain  open.  The  difference  in  level  creates 
pressure  under  the  gates,  and  the  gates  rise.  The  water  now  overflows 
the  counter-shutters,  and  they  are  lowered. 

To  lower  the  dam  the  up-stream  valves  are  closed,  and  the  lower 
ones  opened.  The  water  under  the  gates  escapes  through  the  cul- 
verts into  the  lower  pool,  being  forced  out  by  the  weight  of  the  gates 
which  finally  lie  flat.  The  time  required  to  lower  the  gates  is  three 
minutes.  A  fall  of  2  ft.  is  necessary  to  induce  the  gates  to  rise,  and 
the  time  required  to  secure  this  much  head  must  be  added  to  the 
maneuver  of  raising  the  gates.  The  great  weight,  and  the  fact  that 
they  revolve  around  an  axis  at  the  end,  creates  a  moment  of  resistance  to 
be  overcome  of  35^  lbs.  to  the  square  foot  at  the  instant  the  dam  begins 
to  rise.  The  wooden  axle  causes  too  much  friction.  If  this  is  reduced, 
the  leakage  becomes  of  too  much  consequence,  reducing  the  pressure. 


THOMAS  ON-  MOVABLE  DAMS.  549 

The  Neuville  dam  cost  S13  603  or  S469.07  per  running  foot,  an 
enormous  expense.  De  Lagrene  says  these  facts  render  inexpedient 
a  dam  possessing  many  virtues  and  some  ingenuity. 

{3}  Application  to  Wide  Pas^tes. — Bear-trap  dams  may  be  api)lied  to 
wide  passes  in  the  manner  previously  indicated  of  dividing  the  dam 
into  aliqiiot  parts  having  independent  conduits,  or  by  independent 
units  or  sections  separated  by  partitions  permitting  indejiendent 
movement,  but  having  a  single  conduit ;  or  each  section  may  have  its 
own  supply  pipe  and  thus  become  an  independent  gate.  It  is  not 
necessary  to  further  describe  the  first  method,  but  a  brief  outline  of 
the  second  as  proposed  by  Major  Marshall  is  given,  as  follows: 

"The  dam  to  be  in  sections  of  approved  length,  each  alternate  sec- 
tion to  be  an  abutment  section  formed  by  suspending  from  the  longer 
lower  leaf  a  thin  metal  or  wooden  diaphragm  closing  the  ends  of  the 
abutment  section,  raised  and  lowered  with  this  section,  out  of  and 
into  a  narrow  pit  through  a  slot  protected  against  entrance  of  sand 
and  gravel.  This  diaphragm  serves  as  abutment  to  close  the  ends  of 
adjacent  sections  when  they  do  not  rise  faster,  or  do  not  fall  less 
rapidly  than  the  abutment  sections  to  avoid  warping. 

' '  In  rising  and  falling  each  section  controls  its  neighbor  by  auto- 
matically diminishing  the  '  effective '  head  of  water  actuating  the 
higher  section,  so  that  all  sections  must  rise  or  fall  quite,  or  nearly  at 
the  same  rates.  Otherwise,  each  section  is  an  independent  gate,  com- 
municating through  its  own  jaorts  with  the  regulating  reservoir  through 
the  conduit. 

"  The  gates  are  made  of  metal  as  heavy  as  required  by  the  necessary 
strength,  and  an  initial  head  to  partially  raise  the  gate  until  an  upper 
pool  is  formed,  is  arranged  for  by  constructing  a  small  I'eservoir  on 
the  bank  with  level  above  ordinary  high  water;  this  reservoir  to  be 
kept  in  readiness  for  use  by  pumping  water  at  intervals  into  it  from 
the  river.  This  reservoir  communicates  through  pijies  with  a  regulat- 
ing reservoir,  which  includes  also  a  capacious  conduit  or  communica- 
tion with  the  hydraulic  chambers  under  the  gates.  The  regulating 
reservoir  is  for  regulating  the  initial  head  or  pressure  to  be  applied  to 
l^artially  raise  the  gates,  which  head  should  not  exceed  one-half  the 
lift  of  the  dam,  and  can  be  regulated  to  gauge  by  the  valve  controlling 
the  inflow.  This  regulating  reservoir  communicates  also  by  means 
of  capacious  valves  with  the  upper  and  lower  levels  at  the  dam,  by 
means  of  which  the  inflow  and  outflow  of  water  to  the  hydi*aulic  cham- 
bers may  be  regulated. 

"The  conduit,  or  communication  leading  from  the  regulating  reser- 
voir to  the  hydraulic  chambers,  is  made  so  capacious  that  there  shall 
be  no  diminution  of  head  due  to  friction.      The  inlet  ports  between  this 
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conduit  and  the  gate  chambers  are  jiipes.  The  outlets  must  be  many 
times  larger  than  the  inlets,  to  allow  the  water  to  be  pressed  oiit  by  the 
weight  of  the  gates  when  nearly  down,  which  is  accomplished  by  flaj} 
valves  moving  freely  outwards  from  the  hydraulic  chambers  into  the 
conduit  when  the  gates  are  lowered,  but  not  inwards  or  from  the  conduit 
when  the  gates  are  raised.  All  chambers  then  are  supplied  with  re- 
stricted inlets  of  equal  dimensions  under  the  same  head,  and  with  out- 
lets of  greater  capacity. 

"Arrangements  are  made  for  flushing  or  scouring  deposits  from  the 
conduit.  The  inlets  and  outlets  in  capacity  are  inversely  proportional 
to  the  velocities  due  the  effective  heads  of  water,  the  weight  of  the 
gate  being  assumed  as  equivalent  to  6  ins.  head. 

' '  Whenever  any  section  moves  ujjwards  more  rapidly  than  its  neigh- 
bor, or  downwards  more  slowly,  automatic  valves  are  opened  by  its 
neighbor  to  diminish  the  pressure  or  head  under  it,  which  will  cause 
all  sections  to  move  nearly  at  the  same  mean  rate  and  keep  in  level  in 
rising  or  descending.  This  will  result  in  little  or  no  lateral  pressure 
on  the  diaphragms  or  abutment  sections  due  differences  in  head  on 
the  two  sides,  and  consequently  but  little  friction  will  be  experienced 
at  the  slots.     Rollers  are  supplied  to  diminish  this  friction. 

"  The  slots  may  be  so  protected  by  flaps  that  nothing  coarser  than 
muddy  water  can  enter,  and  the  pit  may  be  readily  kept  clean  by 
connecting  its  bottom  with  the  conduit,  so  that  whenever  the  dam  is 
worked,  the  sediment  may  be  stirred  up  and  withdrawn." 

Remarks. — Some  two  years  since  the  author  submitted  a  sketch  of  a 
bear-trap  dam  to  the  engineer  officer  in  charge  of  the  district,  the  late 
Colonel  Gregory,  in  which  it  was  proposed  to  introduce  the  water  at 
intervals  under  the  dam,  through  perforated  pipes  leading  out  of 
chambers  built  in  the  i^up-stream  part  of  the  foundation;  each  pipe 
being  controlled  by  a  valve,  so  that  the  supply  might  be  regulated  at 
will  as  the  necessities  required.  The  outlets  were  also  governed  by 
valves.  Lateral  pipes  were  connected  with  the  main  conduits,  so  as 
to  fully  distribute  the  water,  the  orifices  in  which  became  more  frequent 
as  the  distance  from  inlet  and  outlet  increased,  the  object  being  to  dis- 
charge an  equal  quantity  of  water  under  all  parts  of  the  gates.  The 
chambers  out  of  which  the  conduits  opened  were  covered  by  Thenard 
counter-shutters,  having  gratings  hinged  at  the  up-stream  wall  of  the 
chamber.  When  the  shutters  were  I'aised,  the  free  ends  of  the  gratings 
also  came  up,  and,  while  permitting  a  copious  flow  of  water  into  the 
chambers,  prevented  the  entrance  of  drift  and  debris.  The  shutters 
were  started  ujiward  by  i^ressure  from  an  accumulator,  or  by  special 
mechanism  operated  from  the  lock  wall,  when  the  current  comiileted 
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tlie  raising.  They  were  i)reventetl  from  becoming  vertical  by  the 
grating  mentioned.  The  raising  of  these  shutters  contracted  the  water- 
way and  formed  the  initial  head  required  to  start  the  bear-trap  gates. 

The  sevei-al  chambers  commiinicated  with  each  other  and  with  cul- 
verts in  the  pier  and  lock  wall,  so  that  after  the  bear-trap  was  up  the 
chambers  were  closed  at  the  top  and  received  their  supplies  through 
the  wall  valves,  which  were  of  small  size,  and  not  capable  of  tilling  the 
chamber  rapidly  when  raising  the  dam.  Each  set  of  valves  worked 
indei)eudently  or  simultaneously,  as  desired,  by  levers  attached  to 
rods  in  the  culverts  connecting  the  chambers  tor  the  filling  valves, 
and  by  similar  mechanism  in  a  conduit  for  the  discharge  valves. 

Lift  Dam. — Water  may  be  ai^plied  to  assist  in  raising  a  dam  in  the 
following  manner: 

In  the  foundation  are  constructed  a  number  of  wells,  or  a  trench, 
in  which  float  hollow  cylinders,  or  a  water-tight  caisson.  On  these 
cylinders,  or  the  caisson,  is  constructed  a  suitable  framework,  on 
which  the  leaves  of  the  dam  rest,  and  their  buoyancy  is  just  such  as 
will  counterbalance  the  weight  of  the  framework  and  dam  when 
down  and  the  water  at  a  certain  depth.  An  increase  of  the  depth  of 
water  over  them  when  down  simply  settles  them  and  the  framework 
on  the  foundation.  A  decrease  will  cause  them  to  rise,  as  will  also  the 
application  of  i^ower. 

Drum  Dams. 

Defs/ontaines. — M.  Desfontaines,  Chief  Engineer  of  the  Marne  River, 
in  France,  invented  what  is  known  as  the  "  drum  "  wicket  about  1860. 
It  has  had  wide  application  upon  the  n 

weirs     of    Chanoine    dams.       These ___f|M 

wickets   are  4i  ft.  wide    and   3^   ft.    ^^^^^^^^^L 
high  above  the  sill,  and  revolve  on  a     -~^^    -^rz^M  /  rysV 
horizontal   axis,  which    divides  their     —      —    — ~f<:j     \\\ 
height    into   two   nearly  equal  i^arts,  F    7~7-^^^^^^^p 

the  lower  of  which  turns  in  a  semi-    ^-  i       '  W 

cylindrical  recess  in  the  masonry,  or    "  1  ^ 

of  iron   sunk  into   the  foundations.  -^ — ,  ,  -■--■■-^  '  "^^^ 

By  establishing   communication   be-  Fia.  8. 

tween  this  recess  and  the  upper  pool,  the  dam  is  raised;  and  by  con- 
necting it  with  the  lower  jjool,  it  is  lowered.  All  this  is  done  by  the 
turning  of  a  plug  on  the  bank. 
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Dams  of  the  Main. — This  system  has  found  great  favor  in  Germany, 
where  the  dimensions  of  the  wickets  have  been  greatly  increased,  and 
at  Schweinfurt  there  were  built,  in  1873,  on  the  Main,  wickets  31|  ft. 
wide,  supporting  a  head  of  5.90  ft.  on  the  sill.  The  under  shutter  is 
placed  at  right  angles  to  the  upper  one,  and  not  in  the  same  plane.  In 
Prussia  there  was  built,  in  1880,  on  the  Kuddow  River,  a  pass  in  a  mill 
dam,  the  wickets  of  which  are  17  ft.  wide  and  5.90  ft.  above  the  sill. 
In  1884  there  Avas  put  in  on  the  Spree,  just  below  Berlin,  a  pass  32^  ft. 
wide,  and  having  9.18  ft.  on  the  sill.  This  wicket  is,  therefore,  18.36 
ft.  wide  (Figs.  9  and  10).  In  1886  there  were  built,  on  the  Main,  j)asses 
39.4  ft.  wide,  which  have  5.6  ft.  on  the  sill.  These  dams  can  be  opened 
under  full  head  by  the  moving  of  a  lever,  and  immediately  raised 
against  the  rush  which  follows. 


t  u-i 


BS' 


Fig.  9. 

Guvinot. — The  system  proposed  by  M.  Cuvinot  is  an  attempt  to 
improve  upon  the  Desfontaines  wickets  by  reducing  the  length  of  the 
counter-wicket,  by  decreasing  the  loss  of  pressure  of  water  in  passing 
through  the  drum,  by  making  the  wickets  independent  of  each  other, 
and  by  giving  them  greater  stability.  The  sill  of  the  weir  is  3  ft.  3 
ins.  above  low  water.  One  semi-cylindrical  and  two  rectangular  con- 
duits are  built  into  the  masonry.  The  up-stream  one  is  connected 
with  the  upper  pool,  and  the  lower  one  with  the  lower  pool.  The 
middle  is  divided  by  a  diaphragm  into  compartments  of  the  length  of 
the  wicket  and  supporting  the  axis  of  the  counter-wicket.  The  two 
arms  of  the  counter-wicket  are  prolonged  into  props  provided  with 
friction  rollers.     The  diaphragms  also  sujiport  the  axes  of  the  wicket. 
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Each  compartment  communicates  with  the  uj^per  conduit  by  a  hole 
which  always  remains  open.  They  are  put  in  communication  with 
the  lower  conduit  by  the  operation  of  a  valve. 

When  the  pressure  turns  the  counter- wicket,  the  props  take  the 
wicket  in  reverse,  making  it  describe  an  angle  of  70  degrees.  Suppos- 
ing the  dam  down,  and  the  valves  connecting  with  the  lower  conduit 
closed,  there  is  an  equality  of  pressure  on  each  face  of  the  counter- 
wicket.  When  the  valve  is  opened,  the  pressure  face  is  relieved  and 
the  wicket  is  set  up.  The  valve  is  now  closed,  and  the  equilibrium  is 
reinstated.  The  wicket  presses  on  the  rollers  and  carries  the  counter- 
wicket  back  to  its  first  position  as  it  falls  down  itself.  In  order  to 
permit  this  lowering,  it  is  necessary  to  have  water  communication  be- 


FlG.  10. 


tween  the  two  faces;  that  is,  the  counter- wicket  does  not  make  a 
water-tight  connection,  but  permits  leakage,  so  the  only  maneuver- 
ing necessary  is  that  of  the  valve.  The  compartments  render  the 
operation  of  each  wicket  independent  of  all  others.  The  raising  is 
done  in  reverse  order.  In  a  dam  such  as  that  of  Joinville,  the  counter- 
wicket  is  8  ft.  2  ins.  below  the  sill.  By  this  system  the  depth  would 
be  decreased  by  2  ft. 

Chitlenden. — The  project  for  the  improvement  of  the  Osage  River 
by  the  construction  of  a  movable  dam  of  the  drum  type  invented  by 
Captain  H.  M.  Chittenden,  U.  S.  Engineers,  has  been  approved.  The 
proposed  dam  is  thus  described :  The  dam  rests  on  a  pile  foundation 
surmounted  by  a  timber  grillage  on  which  rests  a  water-tight  floor 
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of  4-in.  plank.  The  second  row  of  piles  on  the  up-stream  side  con- 
sists of  triple  thickness  sheet  piling  reaching  entirely  across  the 
river  on  a  line  with  the  sheet  piling  tinder  the  lock.  It  extends 
downward  to  reference  75  ft.,  and  will  cut  off  the  under  flow  of  the 
river  for  25  ft.  beneath  the  river-bed.  The  foundation  of  the  dam 
proper  is  25.5  ft.  broad,  and  the  structure  forming  the  apron  of  the 
dam,  also  resting  on  piles  and  joined  to  the  main  foundation,  is  16.5 
ft.  wide,  giving  a  total  breadth  of  base  of  42  ft.  (Figs.  11  and  12). 

The  greatest  possible  relief  of  the  dam,  or  difference  in  elevation 
between  the  upper  and  lower  pools,  is  16  ft.  This,  however,  as  ex- 
plained in  the  discussion  on  the  strains  of  the  gate,  can  very  rarely 
occur.  In  fact,  when  the  present  work  of  opening  a  direct  connec- 
tion between  the  Osage  River  and  the  Missouri,  near  Cote  sans 
Dessein,  is  finished,  the  lower  pool  cannot  fall  below  105  ft.  during 
the  navigation  season,  giving  a  relief  of  only  11  ft.  In  the  prepara- 
tion of  these  plans,  however,  and  in  determining  the  strains  upon  the 
gate,  a  possible  maximum  relief  of  16  ft.  has  been  assumed. 

Upon  the  foundation  just  described  rests  an  iron  framework  con- 
sisting of  two  parts,  MLNO  P  D  and  B  E F G,  which,  with  the  con- 
crete mass  H IJ  K,  forms  the  fixed  weir.  The  frames  D  EF  G  occur 
every  5  ft.     The  frames  L M NO P D  occur  every  2i  ft. 

The  frame  L  MN  0  P  D  forms  the  lower  wall  of  the  chamber  A  Z  Q 
and  sustains  the  pressure  on  the  concave  surface  D'  Q.  It  also  sup- 
ports the  upper  end  of  the  apron  E  R';  and  when  the  gate  is  closed 
for  repairs,  it  supports  also  a  part  of  the  weight  of  the  gate  and 
the  pressure  on  the  bulkhead  V  W  X.  The  frame  D  E  F  G  sup- 
ports the  movable  part  of  the  dam  and  forms  the  upper  wall  of  the 
chamber.  The  wooden  partitions  2)' §  and -E'Z  are  water  tight.  The 
concrete  mass  H I J  K  forms  the  impervious  barrier  of  the  fixed 
weir  and  supplies  the  weight  necessary  to  the  stability  of  the  whole 
structure. 

The  apron  of  the  dam,  like  the  main  structure,  rests  upon  piles, 
and  is  not  liable  to  undermining  from  the  agitation  of  the  water  below 
the  dam.  The  space  beneath  it  is  left  vacant,  except  as  filled  with 
back  water  from  below,  or  with  the  sediment  that  may  collect  there. 
The  escape  of  water  from  the  chamber  at  Q,  and  from  the  interior  of 
the  gate  at  B,  passes  into  this  space.  The  superstructure,  or  movable 
portion  of  the  dam,  is  a  sector  of  a  circle  in  cross-section.     The  arc 
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subtended  is  67  degrees  30  minutes.  It  consists  of  an  interior  iron 
frame- work  A'B'C,  witli  a  wooden  exterior  ABC.  The  upper  face 
AB  is  air  tight.  The  lower  face  is  Avater  tight,  and  the  cylindrical 
face  is  air  tight  about  two-fifths  of  the  distance  from  C  to  B.  The 
ends  of  each  section  of  the  gate  are  closed,  and  air  tight  from  G  down 
about  one-third  of  its  height.  The  gate  is  held  by  the  hinge  A. 
When  the  gate  is  in  operation,  it  is  supported  by  water  pressure  and 
by  the  pin  A.  When  not  in  operation,  it  falls  into  the  chamber  A 
Z  Q  and  rests  against  the  stop  Z. 

The  triangular  space  DEH  is  a  longitudinal  culvert  by  which 
water  is  conveyed  to  or  from  the  chamber  A  Z  Q.  In  order  that  the 
pressure  of  the  water  may  be  applied  to,  or  withdrawn  from,  the  face 
A  B  oi  the  gate,  uniformly  throughout  its  entire  length,  the  connection 
between  the  chamber  A  Z  Q  and  the  culvert  D  £'iJ  consists  of  a  narrow 
opening  Z  Q'  extending  the  entire  length  of  the  gate.  Its  entire  area 
slightly  exceeds  that  of  DEH. 

The  piers  separating  the  sections  contain  the  culverts  and  valves 
by  which  the  supply  of  water  to  the  chamber  A  Z  Q  is  controlled.  A 
rectangular  culvert  3  ft.  x  4  ft.  enters  centrally  from  the  upper  end  of 
each  pier  and  passes  out  at  the  lower  end.  It  is  intersected  at  the 
center  of  the  pier  by  a  cross  culvert  of  trapezoidal  cross-section,  but 
of  the  same  area.  A  heavy  iron  girder,  imbedded  in  concrete  at  the 
ends,  cuts  both  culverts  in  two  diagonally  at  their  junction,  so  as  to 
restrict  communication  through  the  up-stream  culvert  to  the  chamber 
to  the  right  of  the  pier,  and  that  through  the  down-stream  culvert  to 
the  chamber  to  the  left  of  the  pier.  The  culverts  are  closed  by  sliding 
valves  operated  by  oil  cylinders  actuated  from  shore. 

The  operation  of  the  gate  is  as  follows :  The  outlet  valve  being 
closed,  the  inlet  valve  is  opened.  The  head  of  the  upper  pool  is 
brought  to  bear  on  the  lower  surface  A  B  oi  the  gate.  There  is  always 
a  suflBcient  head  to  raise  the  gate,  except  in  a  certain  contingency  to 
be  considered  further  on.  As  the  gate  rises  and  approaches  its  nor- 
mal jiosition  when  up,  it  is  not  brought  to  rest  by  a  stop,  but  by 
closing  the  inlet  valves,  or,  automatically,  by  the  escape  of  water  at 
Q'.  R  Q  is  a,  grate  2|  ft.  long.  There  are  seven  of  these  to  each  sec- 
tion. Their  combined  free  space  for  the  flow  of  water  is  about  10  sq. 
ft.  The  area  of  the  inlet  culvert  is  12  sq.  ft.  When  Q'  j^asses  above 
Q,  water  begins  to  escape,  and  the  outflow  increases  the  farther  the 


THOMAS  OX  MOVABLE  DAMS. 


557 


>»^-^  \i^\  \i^.  \i^.  \i,   ^>x 

^\  ■>• '  '-^.  -^-  -%.  '-%*  "-,<&>         \ 


'Wl  \ 


lU 


il  i 


^^  i^SS^n  SSS^S'^S  2SS 


558  THOMAS  ON  MOVABLE  DAMS. 

gate  rises.  By  the  time  Q'  reaches  R,  the  outflow  through  the  grate, 
with  the  leakage  at  other  points,  will  fully  equal  the  inflow,  and  the 
gate  will  cease  to  rise.  By  gradually  closing  the  inlet  valve,  the  gate 
will  settle  back  to  its  normal  position  when  Q'  is  just  below  Q.  The 
valve  is  then  left  in  this  position,  and  the  friction  of  the  gate  will  pre- 
serve a  balance  of  forces.  Ordinarily  the  gate  would  be  stopped  by 
the  operator  when  it  has  reached  its  normal  height,  but  in  case  of  in- 
advertence or  carelessness  no  harm  can  result,  for  the  gate  will 
come  automatically  to  rest  without  shock  or  sudden  stop,  as  just  ex- 
plained. 

In  the  contingency  already  referred  to,  when  there  will  not  be 
sufficient  initial  head  to  raise  the  gate,  the  air  necessary  for  the  exjiul- 
sion  of  sufficient  water  from  the  interior  of  the  gate  to  give  it  the 
requisite  buoyancy  to  rise  in  still  water  is  supplied  through  a  2-in. 
pijie  leading  from  each  section  to  an  air  pump  on  shore.  These  pipes, 
with  those  conveying  oil  to  the  valve  cylinders,  are  buried  in  the  con- 
crete mass,  as  shown  in  the  drawings.  The  operating  room,  or  house 
to  cover  the  air  and  oil  pumps,  will  be  located  close  to  the  head  walls 
of  the  lock  on  the  shore  side. 

For  the  purpose  of  making  repairs  to  any  section,  a  bulkhead  may 
be  erected,  supported  by  the  frame  D  E  F  G,  and  by  the  gate,  through 
struts.  The  gate  is  supported  at  A,  and  by  braces  resting  on  the 
apron  and  against  the  circumference  of  the  gate.  By  closing  the  upper 
valve  and  opening  the  lower,  the  structure  is  uncovered  down  to  the 
level  of  the  lower  pool.  By  closing  the  lower  culvert  also,  and  apply- 
ing a  pump,  the  entire  structure  is  rendered  accessible. 

The  gate  will  never  be  kept  up  after  the  upper  pool  reaches  a  stage 
4  ft.  above  its  crest.  The  piers  will  not  form  obstructions  to  drift,  as 
drift  does  not  begin  to  run  in  the  river  until  they  are  entirely  sub- 
merged. At  such  times,  their  location  will  be  marked  by  buoys,  for 
the  information  of  pilots.  The  cost  of  the  dam,  with  a  liberal  allow- 
ance for  every  item,  is  a  trifle  under  $120  000,  or  $140  per  lineal  foot. 

Vakioxjs  Types  of  Dams. 
Under  this  heading  will  be  collected  several  types  of  dams  which 
have  come  under  the  author's  notice,  but  which  have  not,  so  far  as  he 
knows,  been  applied  to  any  great  extent.     Several  of  them  contain  ex- 
cellent suggestions  to  the  engineer  employed  in  this  class  of  work. 
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PETITDrDIER   DaM. 

This  clam,  i)roposecl  by  S.  Petitdidier,  consists  of  a  solid  dam  of 
wood,  3  ft.  wide  aud  G  ft.  deep,  well  fastened  together  with  irons  and 
moving  up  and  down  in  a  cavity  with  vertical  sides  i)rovided  with 
friction  rollers,  the  motive  power  being  heavy  counterpoises  at  each 
end.  The  counterpoises  were  so  hung  that  in  high  water  they  were 
submerged  and  their  loss  of  weight,  thus  occasioned,  caused  them  to 
rise  and  the  dam  to  descend  into  its  chamber  automatically,  thus  open- 
ing the  pass.  When  the  water  falls,  the  counterpoises  again  raise  the 
dam.     A  crib  is  built  around  the  counter-weights  for  their  protection. 

Keantz  Wickets  with  Pontons. 

This  system,  the  invention  of  Chief  Engineer  Krantz,  was  first  pro- 
posed in  1868,  and  is  in  use  in  the  Port  Villez  dam.  It  consists  of  a 
lockette  and  dam  proper,  which  includes  jjontons  with  upper  wickets 
and  valves,  and  a  water  conduit.  The  dam  is  raised  and  lowered  by 
pontons.  A  ponton  is  a  hollow,  rectangular  body  built  of  sheet  iron, 
and  water  tight.  It  floats  in  the  conduit,  and  swings  from  hinges  near 
the  toj)  of  the  down-stream  side  of  the  conduit.  At  its  uj^per  np- 
stream  corner  the  wicket  swings.  The  Port  Villez  pontons  weigh 
14  405  lbs.  and  displace  21  839  lbs.  of  water.  They  therefore  tend  to 
rise  with  a  force  of  7  434  lbs. 

The  section  of  the  dam  may  be  30  ft.  long.  There  must  be  a 
lockette  at  each  end  of  each  section.  The  lockettes  are  large  iron 
boxes,  connecting  by  valVes  with  the  upper  and  lower  pools,  and,  by 
an  opening,  with  the  conduit,  which  they  furnish  with  water.  A  con- 
duit, trapezoidal  in  form,  extending  8  ft.  7  ins.  below  low  water,  runs 
the  whole  length  of  the  dam.  It  distributes  the  water  of  different 
pressures  to  all  parts  of  the  dam. 

When  the  dam  is  down,  the  ponton  is  submerged  in  the  conduit. 
The  wicket  lies  flat  and  covers  it.  The  moment  of  buoyant  effort  of 
the  ]3onton  is  rendered  sufficient  to  raise  the  ponton  by  the  pressure  of 
water  turned  into  the  conduit  by  way  of  the  lockette  from  a  reservoir 
on  the  bank.  This  reservoir  is  filled  from  the  upj^er  pool  when  the 
dam  is  up.  The  ponton  rises  in  proportion  to  the  amount  of  water 
turned  into  the  conduit.  As  the  ponton  rises,  the  wicket  emerges  from 
the  water,  and  the  flutter- valve  in  the  chase  swings  open.     This  causes 
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the  greatest  water  pressure  on  the  breech,  and  the  wicket  swings  to  an 
upright  position  and  the  flutter-valve  closes.  To  prevent  the  pontons 
from  rising  too  high,  or  to  lower  the  dam  altogether,  the  down-stream 
valve  of  the  lockette  is  opened.  To  cause  it  to  rise  higher,  the  upper 
valve  is  opened,  so  that  the  level  of  the  pool  may  be  regulated  at  will 
by  the  valves. 

For  this  dam  it  is  claimed  that  it  is  easily  and  speedily  controlled 
by  human  agencies;  that  it  automatically  corrects  variations  in  level, 
rarely  requiring  attention;  that  the  parts  are  strong  enough  to  resist 
any  shock;  that  it  is  tight,  applicable  to  high  lifts,  and  operated  by 
the  aid  of  natural  forces. 

Bkunot  Dam. 

This  dam,  invented  by  the  Hon.  F.  R.  Brunot,  of  Pittsburg,  is 
similar  to  the  Krantz  dam  in  that  a  hollow  ponton  is  the  active 
principle  of  the  plan.  The  ponton  is  as  long  as  the  opening  in  the 
dam,  with  proportionate  width  and  depth.  The  ponton  fits  into  a 
chamber  in  the  permanent  portion  of  the  dam,  and  a  space  or  conduit 
is  left  underneath  the  ponton,  into  which  the  water  of  the  upper  pool 
is  allowed  to  flow  when  it  is  desired  to  raise  the  dam,  and  from  which 
the  water  escapes  into  the  lower  pool  when  it  is  necessary  to  lower  the 
dam.  When  the  ponton  is  down,  its  top  is  even  with  the  floor  of  the 
dam.  The  ponton  is  hinged  at  its  upper  up-stream  angle  to  the  up- 
stream edge  of  the  ponton  chamber.  A  shoulder  fits  over  this  hinge 
to  keep  out  debris. 

Mr.  Brunot  suggested  two  means  of  operating  his  dam.  The  first 
was  to  raise  it  by  pressure  under  the  ponton,  caused  by  connecting  the 
upper  pool  with  the  conduit,  and  to  lower  it  by  shutting  off  this  con- 
nection and  oijeningthe  valves  into  the  lower  pool,  allowing  the  water 
to  escape,  and  shutting  off  the  pressure  from  above. 

His  second  and  better  plan  was  to  fill  the  ponton  with  water  by  the 
manipulation  of  a  valve  when  it  was  desired  to  lower  the  dam,  thus 
sinking  the  ponton  and  removing  the  obstruction  to  the  current;  and 
when  it  was  desired  to  raise  the  dam,  to  pump  out  the  ponton,  thus 
allowing  it  to  rise  in  the  chamber  by  virtue  of  its  buoyancy.  The 
ponton  can  be  pumped  out  by  the  use  of  a  turbine  wheel  in  a  well 
in  the  abutment,  turned  by  the  pressure  of  the  water  of  the  upper 
pool. 
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Dechant  Dam. 

The  dam  of  Wm.  H.  Dechant,  C.  E. ,  of  Pliiladelphia,  consists  of  an 
improved  wicket  or  flushing  hoard,  intended  for  the  jjasH  of  the  weir 
and  for  the  comb  of  permanent  dams.  It  is  chiefly  iisefnl  as  a  conser- 
vator of  the  water  supijly  in  hot  and  dry  weather. 

The  wickets  are  of  great  length,  and  are  supported  by  tension 
hinges,  instead  of  props,  attached  at  one-third  the  height  of  the 
wicket.  The  wicket  carries  a  revolving  bar  to  which  are  fastened 
holding  bars.  These  secure  the  steadiness  of  the  wickets.  A  notch 
at  the  end  of  the  wicket  prevents  the  revolving  bar  from  turning. 
When  it  is  desired  to  lower  the  wicket,  the  revolving  bar  is  forced  end- 
wise beyond  the  notch,  when  it  revolves.  The  holding  bars  then  drop 
down  and  the  wicket  falls  down  stream  by  the  pressure  of  the  upper 
pool.  The  hinge  being  at  one-third  the  height,  the  water  catches  the 
chase  when  the  wicket  starts 
to  rise  and  assists  in  lifting  it 
to  a  vertical  position. 

The  maneuvers  are  per- 
formed from  a  caisson-operat- 
ing truck  which  rolls  on  rails, 
one  above  and  one  below  the 
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Fig.  13. 

wicket;  so  that  the  dam-tender  stands  directly  over  the  wicket.  This 
triick  should  be  made  of  iron,  as  it  will  then  present  less  resistance  to 
the  water.  "It  is  pi'acticable  and  desirable,"  says  the  inventor,  "to 
use  steam  jjower  on  the  truck,  as  this  will  render  maneuvers  rapid. " 


Sei>f-Acting  Weer,  River  iRWEiiL. 

Across  the  Kiver  Irwell,  in  England,  near  Manchester,  is  a  self- 
acting  weir  of  peculiar  construction.  A  series  of  shutters  turning  on 
a  central  horizontal  axis  12  ft.  in  width  across  the  river,  10  ft.  wide 
above  the  axis,  and  9  ft.  below,  having  a  total  vertical  height  of  10  ft. 
above  the  floor  are  opened  by  the  water  when  it  rises  2  ft.  9  ins.  above 
the  crest.  The  shutters  are  inclined  at  an  angle  of  35°,  and  revolve  to 
a  horizontal  position  when  open.  A  system  of  chains  attached  to  the 
bottom  of  the  shutters  or  wickets,  and  leading  to  crabs  on  each  bank, 
may  also  be  used  for  opening.  The  dam  has  14  wickets,  and  was  de- 
signed by  Mr.  Wiswall  (Fig.  13). 
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Stickney  Dam. 

This  dam,  designed  by  Lieut. -Col.  Amos  Sticknev,  U.  S.  Engineers, 
consists  of  a  series  of  structures  standing  upright  in  a  recess  in  the 
masonry,  when  not  in  use,  and  capable  of  being  lifted  up  by  the  intro- 
duction of  water  pressure  in  the  recess,  so  as  to  shut  off  the  flow  of  a 
river  and  form  a  dam.  It  is  fully  described  by  its  designer  in  the 
Journal  of  the  Association  of  Engineering  Societies,  Vol.  XVI,  p.  255. 

Tkestle  Dam. 

In  this  design  the  author  has  attempted  to  avoid  the  use  of  needles, 
gates,  planks  or  curtains  in  a  trestle  dam,  and  relies  wholly  upon  the 
trestles  themselves  for  the  retention  of  the  water,  as  well  as  for  the 
support  of  its  pressure.  The  trestles  may  be  raised  and  lowered  jare- 
cisely  as  are  other  trestles,  or  with  a  special  arrangement  similar  to 
that  used  on  the  needle  dam  on  the  Big  Sandy  River  at  Louisa,  Ky. 

Description. — The  dam  consists  of  a  number  of  A"shaped  trestles 
set  up  adjoining  each  other  across  a  stream,  the  up-stream  faces  or 
legs  of  which,  in  connection  with  a  sill,  which  also  protects  the 
trestles  when  down,  hold  back  the  water.  The  two  legs  of  each  trestle 
are  connected  at  the  top,  where  they  are  placed  close  together,  and  at 
the  bottom  they  terminate  in  eyes  which  are  connected  by  j^ins  to 
journal  boxes  attached  to  the  masonry.  Horizontal  braces  may  con- 
nect the  two  legs  at  intervals,  being  placed  on  the  side  of  the  trestle 
which  is  next  the  masonry  when  lying  down,  and  these  may  be  so  con- 
structed as  to  fit  in  between  the  legs  of  an  adjoining  trestle  when  up, 
thus  forming  a  brace  to  both  sides  of  the  frame;  but  the  author  would 
not  recommend  this  construction,  preferring  to  so  build  the  trestles 
that  they  will  stand  all  strains  without  assistance  from  bracing  of  any 
sort  (Fig.  14). 

The  up-stream  member  of  each  trestle  is  a  frame  of  channels  suit- 
ably arranged  and  covered  with  plates  riveted  on.  The  edges  of  these 
plates  touch  each  other  on  adjacent  trestles  when  standing,  and  may 
either  extend  slightly  over  the  channels,  or  the  latter  may  be  set  flush 
with  flanges  toward  each  other.  The  latter  construction  gives  a  thicker 
wall  through  which  the  water  must  pass  in  leaking.  Wood  may  be 
inserted  in  the  back  of  the  channels  when  exceptional  tightness  is 
desii-ed.     The  down-stream  post  may  be  similar  to  the  up-stream  one, 
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or  it  may  be  latticed,  or  even  consist  of  a  single  member  like  the  prop 
of  a  wicket.  At  the  bottom  of  each  post  a  piece  with  an  eye,  bent  so 
as  to  have  the  part  containing  the  eye  stand  vertical,  is  riveted  to  the 
frame,  and  these  are  connected  by  pins  to  journal  boxes  on  the  floor. 
These  boxes  have  their  eyes  centered  at  a  greater  distance  from  the 
floor  than  one-half  the  width  of  the  trestle  face,  so  that  the  trestles 
may  turn  without  binding.  The  upper  box  is  imbedded  in  the  sill. 
A  space  is  left  open  between  the  lower  boxes  for  the  escajie  of  water, 
and  to  assist  in  keeping  the  floor  clean.  The  sill  closely  fits  the 
upper  face  of  the  trestles  at  the  point  where  the  angle  is  made  with 
the  eye-pieces,  so  as  to  prevent  leakage.  An  idler  can  also  be  intro- 
duced here,  if  desired,  for  this  purpose  and  to  prevent  the  collection 
of  gravel.  The  construction  may  be  such  as  to  permit  overflow,  as 
in  wicket  and  gate  dams,  or  a  walkway  may  be  provided  as  in  needle 
dams.  In  the  latter  case  a  simple  leaf  hinged  to  the  top  of  each 
trestle,  and  when  in  use  opening  up  stream,  may  be  used  in  connection 
with  the  top  of  the  trestles.  "When  not  in  use  it  folds  over  the  top  of 
the  trestle,  out  of  the  way.  As  the  top  of  the  trestle  will  be  from  12 
to  18  ins.  wide,  the  hinged  walk  can  be  very  narrow,  the  trestle  itself 
answering  for  most  of  the  walk  required.  In  the  head  of  each  trestle 
is  located  a  sprocket  wheel  for  use  in  connection  Avith  the  maneuver- 
ing chain.  This  wheel  turns  on  a  shaft  attached  to  the  frames.  At 
one  edge  of  the  wheel  and  forming  a  part  of  it  is  a  ratchet.  A  pawl, 
having  a  tooth  which  may  fit  loosely  into  this  ratchet  at  one  end,  and 
have  the  opposite  end  formed  into  a  rounded  wedge,  is  pivoted  so  as 
to  be  readily  lifted  out  of  the  ratchet  by  depressing  the  wedge  end. 
This  depression  takes  place  just  as  the  trestles  become  vertical  in 
raising,  by  the  rounded  end  being  drawn  under  a  stop  or  projection 
on  the  adjacent  trestle  made  for  the  purpose.  As  long  as  the  trestles 
remain  touching  each  other  this  stop  will  hold  the  tooth  of  the  pawl 
out  of  the  ratchet,  and  the  wheel  is  free  to  turn.  Let  a  trestle  begin  to 
incline  or  descend,  and  the  pawl,  being  released  from  the  stop,  im- 
mediately falls  into  the  ratchet  and  arrests  the  movement  of  the 
wheel.  The  pockets  in  the  wheel  are  made  to  fit  a  chain  used  for 
raising  and  lowering  the  trestles,  and  this  chain  cannot  move  without 
also  moving  the  trestle  when  the  pawl  is  in  the  ratchet. 

In  addition  to  the  maneuvering  chain,  which  may  be  connected 
with  or  disconnected  from  the  trestles  at  will,  there  is,  between  each 
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adjacent  trestle,  a  few  feet  of  chain  called  the  fixed  chains.  These 
chains  are  fastened  to  the  trestles  by  eye-bolts,  and  their  length  is 
determined  by  the  number  of  trestles  it  is  desired  to  raise  simul- 
taneoTisly — that  is,  by  the  power  of  the  crab;  but  they  must  be 
sufficiently  long  to  permit  the  trestles  to  lie  flat  when  down.  Just 
above  the  round  end  of  the  pawl  on  each  trestle  is  riveted  a  small 
piece,  the  purpose  of  which  is  to  prevent  this  fixed  chain  from  de- 
pressing the  end  of  the  pawl,  and  thus  releasing  the  connection  between 
the  trestle  and  the  maneuvering  chain.  Should  this  occur,  however, 
through  any  cause,  the  fixed  chains  will  still  bring  the  trestles  up, 
so  that  they  can  be  properly  connected  with  the  maneuvering  chain. 

Maneuvei's. — On  the  lock  wall  is  located  a  chain  crab  for  maneu- 
vering the  pass,  and  a  similar  crab  is  on  the  pier  for  the  weir.  The 
chains  which  pass  over  the  sprocket  wheels  in  the  trestles  come  to 
this  crab.  The  last  trestles  in  the  pass  and  weir  are  made  fast  to  the 
ends  of  the  chains. 

The  methods  of  lowering  and  raising  are  the  same  for  the  pass  and 
the  weir,  and  the  latter  only  will  be  described.  To  lower  the  dam  the 
trestle  next  the  abutment  is  unhooked  from  the  masonry  and  pulled 
toward  the  abutment,  the  chain  being  unwound  at  the  same  time  on 
the  crab  at  the  pier,  until  it  tightens  the  fixed  chain  between  it  and 
the  next  trestle  and  starts  that  trestle  downward.  As  this  occurs,  the 
pawl  will  engage  with  the  ratchet,  and  lock  the  next  to  the  last 
trestle  on  the  chain.  The  unwinding  goes  on  continuously,  and  when 
the  next  fixed  chain  is  stretched  it  will  start  a  third  trestle,  and  so  on 
until  all  are  down. 

To  i-aise  the  trestles  the  chain  on  the  crab  is  wound  in,  bringing 
up  the  first  one  (being  the  last  lowered)  and  starting  sevei*al  others. 
When  the  first  becomes  vertical  and  strikes  the  masonry,  its  pawl  is 
lifted  out  of  the  ratchet  by  a  stop  made  for  the  purpose,  and  thus  the 
trestle  is  released  from  the  chain  without  stojii^ing  the  crab.  The 
continuation  of  the  winding  brings  uji  the  second  trestle  which  is 
released  from  the  chain  when  its  ])awl  strikes  the  stop  on  the  first. 
All  trestles  are  thus  raised,  after  the  first,  by  winding  in  a  length  of 
chain  equal  to  that  of  the  short  chains  connecting  the  trestles.  Where 
a  continuous  chain  is  not  used,  the  trestles  may  be  raised  and  lowered 
precisely  as  are  those  of  wicket  and  needle  dams,  each  trestle  being 
connected  with  its  neighbor  as  brought  up. 
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To  regulate  the  pool,  in  either  case,  it  is  only  necessary  to  lower 
a  sufficient  number  of  trestles  on  the  weir  next  the  abutment.  In  the 
trestles  next  the  abutment,  which  are  most  liable  to  be  used  for  pool 
regulation,  the  fixed  chains  may  be  lengthened  so  as  to  give  less  load 
on  the  crab  in  order  that  the  operation  of  raising  may  be  performed 
by  the  watchman  alone  at  night  when  necessary. 

AdvanUiges  Claimed. — The  advantages  claimed  for  this  style  of  dam 
over  those  formed  by  needles,  gates  or  wickets  are: 

The  dam,  being  raised  and  lowered  across  the  current,  can  be 
operated  either  wholly  or  partially  under  gi'eat  heads  of  water  with 
two  or  three  men. 

In  raising,  the  dam  is  complete  when  the  trestles  are  up,  while  in 
other  forms  it  has  bvit  commenced.  It  is  therefore  more  rapidly 
raised;  the  lowering  is  also  more  rapid. 

There  is  nothing  left  standing  to  catch  drift  after  the  lowering 
begins. 

There  are  no  extra  parts  to  care  for  when  lowering  or  when  not  in 
use. 

There  is  no  danger  to  operatives  in  the  maneuvers. 

As  there  is  no  double  construction  the  foundation  is  narrow;  hence 
the  cost  is  reduced. 

The  leakage  will  be  very  little  as  there  are  few  joints. 

If  submerged,  it  will  act  as  a  fixed  dam  without  injury  to  itself. 

Modified  Wicket  Dam. 

The  dam  here  described  was  designed  by  the  author  several  years 
since,  at  the  suggestion  of  the  late  Colonel  William  E.  Merrill,  Corps 
of  Engineers,  and  with  his  assistance;  the  object  in  view  being  to 
obtain  a  dam  having  all  the  good  points  of  a  Chanoine  wicket  without 
the  objectionable  features  of  a  sliding  prop  and  hurter,  and  raising 
against  the  current  (Fig.  15). 

Description. — The  description  accompanying  the  design  is  as 
follows : 

"In  the  modification  herewith  submitted  the  axis  of  the  wicket 
remains  the  same  as  in  the  Chanoine  pattern,  but  the  horse  and  i)rop 
are  held  rigidly  together  at  the  top,  and  each  is  hinged  to  the  floor  at 
the  bottom,  thiis  forming  a  trestle  which,  instead  of  lying  down  with 
the  current  as  in  the  Chanoine  type,  is  lowered  across  the  stream. 
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Fig.  15. 
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The  operation  of  lowering  and  raising  can  thus  be  performed  from  the 
lock  or  pier  without  placing  obstructing  mechanism  in  the  chute. 

' '  The  wickets  are  built  practically  the  same  as  are  those  of  Chanoine 
dams,  but  in  placing  they  may  be  located  closer  together  than  the 
latter,  as  they  will  not  be  thrown  out  of  their  jilane  by  oblique 
traction. 

"  The  horse  and  prop,  as  has  been  said,  are  combined  in  one  con- 
struction, forming  a  trestle  which  is  lowered  and  raised  across  the  cur- 
rent. The  lower  leg  of  the  trestle  makes  an  angle  of  38'^  with  the 
horizon.  There  are  two  of  these  little  trestles  to  each  wicket,  their 
heads  being  connected  by  an  axle  having  suitably  shaped  jaws  to 
receive  them.  The  ends  of  this  axle  are  turned  journals  upon  which 
the  wicket  turns  in  journal  boxes  attached  to  it.  The  legs  of  the 
trestles  are  made  with  forged  eyes  at  each  extremity,  and  the  trestles 
are  spaced  so  that  when  lying  down  one  will  be  within  another.  At 
the  bottom  the  legs  are  connected  by  pins  to  suitable  boxes  attached 
to  the  floor,  the  up-stream  ones  of  which  are  made  a  i)art  of  the  sill, 
against  which  the  bottom  of  the  wicket  rests  when  the  dam  is  up. 
This  sill  is  cast  in  9-ft.  sections  which  are  securely  bolted  to  the 
masonry,  into  which  they  are  sunk. " 

Maneuvers. — Originally  it  was  j^roposed  to  raise  and  lower  this 
dam  by  a  traveling  crane,  the  wheels  of  which  rolled  on  rails  rimning 
parallel  to  the  sill,  one  above  and  one  below  the  wickets,  but  the 
objection  was  raised  that  these  tracks  would  become  so  imbedded  in 
gravel  as  to  cause  derailment.  It  was  then  proposed  to  locate  massive 
hydraulic  jacks  in  the  masonry  by  which  the  wickets  would  be 
pushed  down,  after  having  been  put  on  the  swing,  the  pushing  of 
the  first  one  moving  all  the  others,  by  reason  of  certain  buffers  placed 
between  them,  until  all  lost  their  balance  and  went  down.  The  rais- 
ing could  be  accomplished  by  the  arrangement  described  for  the 
trestle  dam,  or  by  separate  chains  for  each  wicket,  connected  by  a 
man  in  a  skiff,  with  a  rope  leading  to  a  crab  on  the  masonry,  or  by  a 
maneuvering  boat.  However,  the  author  has  no  doubt  that  a  travel- 
ing crane  can  be  so  arranged  as  to  clean  the  track  ahead  of  itself 
and  work  with  satisfaction  in  all  the  maneuvers,  not  only  of  this  type 
of  dam,  but  in  the  Chanoine  as  well.  It  can  be  either  self-propelling, 
or  can  move  by  winding  in  a  rope  attached  to  the  masonry. 

Advantages. — It  is  believed  by  the  author  that  the  suppression  of 
the  hurter  and  sliding  prop,  the  ability  to  lower  and  raise  without  the 
necessity  of  })ulling  the  wickets  against  the  current,  the  increased 
stability  of  the  wicket,  the  tightness  with  which  the  dam  can  be  built 
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and  the  decrease  in  width  of  foundation,  and  consequent  cost,  are  all 
advantages  over  the  original  type. 

Disadvantages. — The  necessity  for  jjutting  the  pass  wickets  on  the 
swing  before  lowering,  is,  in  the  author's  opinion,  a  serious  objection 
in  all  streams  carrying  much  drift,  and,  although  this  method  is  fol- 
lowed extensively  in  France,  the  practice  in  this  country  is  to  throw 
the  wickets  by  pulling  up  stream  on  the  top  until  the  prop  drops  into 
the  sliding  chute,  and  then  releasing  the  wicket,  in  order  to  avoid  the 
lodgment  of  drift  in  the  horses. 

Tunnel  Dam. 

Mr.  Walton  Venable,  of  the  Great  Kanawha  service,  has  devised  an 
ingenious  shutter  dam,  which  it  is  proposed  to  operate  from  a  tunnel 
in  the  foundation.  His  description  is  given  herewith;  the  term 
"  shutter  "  being  substituted  for  "  wicket  "  in  the  orginal  in  accord- 
ance with  the  generally  accepted  definition  made  by  Colonel  Merrill, 
in  his  original  study  of  the  subject,  that  those  gates  hinged  at  one 
edge  or  end  were  shutters,  while  those  hinged  at  some  point  between 
the  ends  should  be  called  wickets  (Fig.  16) : 

"The  shutters  are  of  small  width  (5  ft.)  hinged  at  the  lower  end  to 
the  foundation  of  the  dam.  As  designed,  it  is  intended  that  the  dam 
shall  be  operated  from  a  water-tight  tunnel  or  subway,  which  may  be 
entered  from  the  lock  wall.  Each  of  the  shutters  which  form  the 
dam  is  held  up  by  a  prop,  the  free  end  of  which  rests  in  a  movable 
seat  that  may  be  drawn  up  stream  by  applying  power  to  a  I'od 
fastened  to  the  seat  and  passing  through  a  tube  which  opens  into  the 
tunnel.  To  raise  the  shutter,  the  raising  rod  is  connected  by  a  rope 
or  chain  to  a  suitable  form  of  hoist,  and  is  slowly  drawn  up  until  the 
shutter  reaches  its  proper  height,  at  which  point  a  lug  on  the  raising 
rod  falls  into  a  notch  fastened  to  the  cylinder  and  is  thei'e  held.  To 
lower  the  dam  it  is  only  necessary  to  raise  the  lug  from  the  notch  with 
a  small  bar,  and  the  shutter  thus  freed  will  settle  into  place  on  the 
foundation.  As  a  power,  compressed  air  would  probably  be  the  best. 
The  ease  with  which  it  may  be  stored  and  the  simplicity  of  the  ma- 
chinery for  utilizing  it,  recommends  it  for  use  about  the  lock  gates,  as 
well  as  for  raising  the  dam.  The  arrangement  for  using  a  steam  hoist 
would  be  a  very  simple  one. 

"  Some  of  the  advantages  claimed  for  the  tunnel  dam  are  as  fol- 
lows: The  quickness  with  which  it  might  be  raised  or  lowered;  the 
time  required  for  raising  the  dam  would  be  reduced  to  fully  one-half 
that  required  for  raising  the  Chanoine  dam,  and  the  time  required  for 
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lowering  could  be  reduced  to  a  few  minutes,  if  necessary.  The  ques- 
tion of  time  is  often  a  very  important  one  on  quick-rising  western 
rivers.  The  tunnel  dam  would  be  almost  free  from  danger  of  drift 
and  ice,  which  give  so  much  trouble  in  a  dam  using  the  swing  wickets 
and  Poiree  trestles. 

"  The  safety  to  men  employed  and  the  economy  in  labor  are  im- 
jjortaut  items  in  favor  of  the  tunnel  dam.  The  tunnel  dam  would  be 
much  cheaper  than  the  Chanoine,  as  it  is  built  on  the  Kanawha,  and  it 
is  believed  that  it  will  compare  favorably  in  cost  with  those  planned 
for  the  Ohio,  in  which  the  bridge  is  not  used. 

'•  The  cost  of  a  tunnel  dam,  with  the  depth  of  foundation  shown 
in  the  plan,  would  be  about  $95  per  lineal  foot  (coflfer-dam  and  excava- 
tion not  included)." 

Remctrks. — The  return  to  the  ijriuciple  of  Thenard  in  hinging  the 
shutter  at  the  T)ottom  instead  of  at  some  point  above  is  not  a  back- 
ward step,  in  fact,  although  it  would  seem  such.  In  all  drift-bearing 
streams  the  author  believes  it  to  be  the  correct  idea.  There  is  no  dam 
employed  which  ofiers  so  little  obstruction  to  drift  when  being  lowered 
as  one  made  of  shutters.  The  difficulty  Avith  this  class  of  dam  has 
been  the  great  resistance  encountered  in  raising  against  the  current. 
So  long  as  the  power  must  be  applied  from  a  boat  or  foot-bridge,  the 
shutters  must  necessarily  be  of  only  such  width  as  can  be  raised  with 
comparatively  light  machinery.  Now  that  it  is  proposed  to  apply  the 
power  from  a  point  of  safety,  with  ample  anchorage,  the  ability  to 
raise  shutters  of  immense  size  need  not  be  questioned.  The  author 
has  suggested  to  the  inventor  the  desirability  of  operating  the  dam 
with  machinery,  outside  the  tunnel,  on  the  walls,  actuating  suitable 
appliances  placed  in  the  tunnel;  for  instance,  a  shaft  carrying  chain 
wheels  opposite  each  cylinder,  driven  by  gearing  at  the  wall,  the 
chains  being  placed  successively  in  the  wheels,  those  wheels  farthest 
from  the  power  being  raised  first;  or  a  continuous  chain  passing 
through  the  tunnel,  to  and  from  which  the  raising  chains  are  success- 
ively attached  and  detached,  the  main  chain  going  over  a  chain  crab  at 
the  wall.  It  is  also  believed  that  a  system  of  levers  or  a  tripping  bar 
can  be  arranged  by  which  the  lowering  can  be  accomplished  from  the 
walls  as  rapidly  as  desired. 

Conclusion. 

The  author  desires  to  apologize  for  mentioning  so  many  untried 
devices  and  ideas  of  his  own.     He  has  originated  several  types  of  dams; 
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either  of  which  he  believes  can  be  made  successful  when  iJi-ojierly  ap- 
l^lied,  but  he  has  only  described  two  of  these  in  this  paper.  Frequent 
reference  has  been  made  to  his  trestle  dam,  not  because  he  desires  to 
advertise  it  for  pecuniary  advantage,  but  because  he  believes  it  to  be 
the  best  solution  of  the  problem  yet  presented,  all  things  being  con- 
sidered. In  this  he  may  be  mistaken,  but  an  intelligent  application 
of  it  will  be  required  to  settle  the  matter.  Realizing  the  fact  that,  as 
Jauicki  has  well  said,  there  is  a  "  certain  legitimate  timidity  felt  by 
practical  engineers  at  applying  on  a  large  scale  a  system  which  in  its 
novel  combination  has  nowhere  yet  been  tested,"  the  author  has  made 
modified  designs  of  some  of  the  present  forms,  Chanoine,  Thenard, 
Poiree  and  Boule,  with  a  view  to  their  application  to  higher  lifts,  and 
these  modifications  include  devices  for  raising  and  lowering  the  two 
former  and  the  trestles  of  the  latter  from  the  walls,  or  from  conduits 
in  the  foundation.  A  design  for  a  high-lift,  wide-span  needle  dam, 
the  needles  being  below  or  on  a  line  with  the  lower  part  instead  of 
above  the  trestles,  apiilicable  to  passes  of  great  length,  is  now  under 
way.  He  has  also  devised  many  appliances  for  facilitating  the 
maneuvers  and  bettering  the  construction  of  some  of  the  types  of 
dams  now  in  use,  including  several  forms  of  tripping  apparatus  for 
wickets,  escapements  and  methods  of  placing,  for  needles,  etc.,  etc. 
As  far  as  seemed  practicable  in  a  paper  purjiorting  to  describe  the  new 
as  well  as  the  old,  the  experimental  as  well  as  the  approved,  the  author 
has  refrained  from  presenting  these  wholly  untried  suggestions  until 
they  should  have  a  fair  test.  Many  of  them  may  be  discarded,  after 
mature  consideration,  without  trial  as  to  their  worth  or  fitness;  others 
may  never  find  the  opportunity  of  application.  The  object  in  view 
has  been  to  suggest  certain  modifications  and  ideas  with  a  view  to 
their  development  by  those  having  occasion  to  design  or  construct 
dams. 

If  this  paper  succeeds  in  bringing  out  a  full  discussion  of  the  in- 
teresting problems  connected  with  the  subject  of  movable  dams,  the 
author  will  have  done  all  he  desires  in  the  matter;  for  such  discussion 
is  bound  to  develop  a  sentiment  among  engineers,  legislators,  navi- 
gators and  the  general  public  in  favor  of  the  abandonment  of  the  old, 
obstructing  fixed  dams,  as  well  as  the  low-lift  movable  dams,  and  the 
construction  of  high-lift  dams  on  modern  ideas  at  reasonable  cost  in 
the  future. 
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CORRESPONDENCE. 


T.  C.  Thomas,  Esq. — Some  months  siuce  Major  J.   H.   Willard,  U.  Mr.  Thomas. 
S.  A.,  requested  the  writer  to  make  a  theoretical  investigation  of  the 
Lang  gate.     Believing  that  the  results  obtained  will  be  of  some  inter- 
est to  the  profession,  they  are  herewith  submitted. 

In  the  following  investigation  of  the  Lang  gate,  described  on  page 
542,  it  is  assumed  that  the  head  of  water  on  the  gate  drops  with  the 
crest  of  the  gate  during  the  i)rocess  of  lowering,  remaining  equal  to  the 
height  of  the  crest  above  the  base  of  the  gate,  or  above  the  lower  pool 
in  the  case  of  back-water.  This  would  be  true  in  the  case  of  a  limited 
reservoir  above  the  gate,  but  is  not  strictly  true  in  the  case  of  a  large 
reservoir  dropping  at  a  reasonable  speed.  The  hydrodynamic  effect 
of  the  water  and  the  weight  of  the  discharged  water  on  the  down-stream 
leaf  have  been  neglected,  as  has  the  weight  of  the  leaves  and  the 
friction  of  the  hinges. 

FRAME  DIAGRAM 


Geometrical  Relations^. — In  order  that  the  gate  may  close  flat  on  the 
base  the  following  equations  must  be  satisfied: 
(a)  .c  -f  y  —  4  =  1 ;  (b)  y  —  2  =  /, 

in  which  the  base  of  the  gate  is  taken  equal  to  1,  x  =  length  of 
down-stream  leaf;  y  =  length  of  up-stream  leaf;  z  =  length  of  chains; 
/  =  length  of  idler,  all  in  terms  of  the  base.  "When  the  gate  is 
fully  raised  the  height  will  be  equal  (numerically)  to  twice  the 
area  of  the  triangle  formed  by  .r,  3/  +  2  and  the  base,  or 
height  =  2  "v/  (1  +  2)  2  (1  —  y)  y-  In  this  expression  the  factor  (1  + 
z )  2  will  be  a  maximum  when  2  is  a  maximum  ;  the  factor  (1  —  y) 
y  will  be  a  maximum  when  y  =  \.  It  can  be  inferred,  from  a  considera- 
tion of  the  equation  of  forces,  that  2  will  in  general  be  a  maximum  for 
y"^  <C  ^.  The  search  for  a  gate  of  maximum  height  can  therefore  be 
limited  to  cases  where  y  has  values  intermediate  between  0.5  and  0.7. 
Conceive  the  gate  lowered  until  the  chains  2  are  at  right  angles  to 
the  up-stream  leaf  y  (see  Fig.  11),  then: 
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(c) 


(1  —  sin  /i)  z  covers  /i_ 

z  -\-  vers  a' 


(d) 


cot  y  = 


2  +  (1  —  cos  /j) 
sin  /3  +  2  _ 


>/ 


cos  /? 
/sin  5  =  ^; 

/cos  S. 


(f)  «  =  i/ 

Let  the  idler  I  be  divided  into  the  segments  w  and  ^/  by  a  line 
through  the  junction  of  y  and  z  parallel  to  the  base,  and  let  r  =  ratio  of 
upper  segment  to  the  whole  idler,  then: 
,   .  a  tan  5 

^^'  ~  1  ~  tan  5  +-  tan  // 

Equation  of  Forces. — In  lowering  the  Lang  gate  the  most  unfavor- 
able position  is  that  in  which  the  angle  8  made  by  the  idler  1  Tvith 
the  up-stream  leaf  i/  is  a  maximum.  This  maximum  will  occur  when 
the  chains  z  are  at  right  angles  to  the  up-stream  leaf  y.  It  is  pro- 
posed to  determine  under  what 
conditions  the  lowering  and  lift- 
ing forces  will  be  in  equilibrium 
for  this  position  of  the  gate.  In 
raising  or  lowering  the  gate  the 
idler  has  a  motion  of  rotation 
and  of  translation,  and  in  the 
general  case,  neither  will  exist 
without  the  other.  Hence,  if  the 
idler  have  equilibrium  of  trans- 
lation, the  equilibrium  of  the 
idler  and  of  the  gate  will  be  com- 
plete. For  equilibrium  of  trans- 
lation, the  forces  acting  on  the 
idler  must  form  a  closed  polygon,  irrespective  of  their  points  of  appli- 
cation ;  and  the  algebraic  sum  of  their  components  in  any  given  direc- 
tion must  be  zero.  Suppose  the  gate  at  the  critical  position,  with 
back-Avater  at  such  a  height  as  to  leave  a  segment  n^  of  y  above  back- 
water. Let  h  equal  the  height  of  the  head  of  water  above  the  junction 
of  z  and  y  (equals cos /3)  and  /^i  equal  the  height  of  this  junction  above 
back-water  (equal  n^  sin  /i)  (see  Fig.  17). 

The  forces  acting  on  the  idler  are:  {n)  The  hydrostatic  pressure 
due  to  the  head  h.  This  force  acts  normally  to  the  idler  and  equals 
\  h  {2  I  —  n) ;  it  is  represented  in  the  diagram  of  forces  by  D  B  (see 
Fig.  18).  [h)  The  reaction  of  the  lap-stream  leaf  ;/  on  the  sliding  end 
of  the  idler.  This  force  is  inclined  to  the  right  of  a  normal  to  ?y  by  the 
angle  of  friction  F ,  when  the  idler  is  on  the  point  of  slipping  down 
y.  Its  amount  can  be  deduced  as  follows:  The  forces  acting  at  the 
sliding  end  of  the  idler  are:  (1)  A  portion  of  the  hydrostatic  pressure 
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Fig.  18. 
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2 

on  the  idler  e<iual  to  ^  /^  x  (3  / j  ),  and  acting  normally  to   it —  Mr.  Thoiuas. 

represented  by  i)'  B  in  the  diagram  of  forces.  (2)  The  compressive 
stress  in  the  idler  acting  along  the  axis  of  that  leaf  and  represented  by 
D'  Cin  the  diagram  of  forces.   (3)  Eeaction  of  y  represented  by  .B  C  in  the 

diagram  of  forces.     It  equals  D'  B  sec  (5  -\-  F),  equals  ^  A  (3  / .)  sec 

(8  _|_  F).  (c)  The  pull  along  the  chains  2  is  a  third  force  acting  on  the 
idler.     It  is  made  up  of  the  following:  (1)  Resolving  the  reaction  B  C 

in  directions  iiarallel  to  yand  z,  the  — th  part  of  the  latter  component 

acts  as  a  pull  along  2.     (2)  Part  of  the  hydrostatic  pressure  on  o  (see 

2 
frame  diagram)  due  to  the  head  h  and  equal  to  i  h  x    — .       (3)  Part  of 

the    hydrostatic    pressure    on   1/  due   to   the   head    //,,  equal   to  ^'hi 

(3  1/  —  3  tiy  -| — -).     The  total  pull  along  z  is  represented  by  C  ^  in  the 

diagram  of  forces.  (4)  The  fourth  and  last  force  on  the  idler  is  the  re- 
action of  the  down-stream  leaf  x,  acting  along  the  axis  of  that  leaf, 
reiiresented  by  A  D  in  the  diagram  of  forces.  If  the  several  forces  on 
the  idler  be  resolved  in  directions  parallel  and  perpendicular  to  x,  the 
component  of  reaction  of  .r  in  the  latter  direction  will  be  zero;  and  by 
the  condition  of  equilibrium  the  components  of  the  several  forces  in 
the  latter  direction  will  sum  to  zero.  Hence  the  following  equation, 
in  which  forces  acting  upward  and  to  the  right  are  considered  positive, 
those  acting  downward  and  to  the  left  negative: 

D  B  sin  (d  —  y)  +  C  B  sin  (y  +  F)  —  C  ^4  sin  ^  =  0.  Expanding 
the  sum  functions  and  dividing  by  sin  x- 

(h)  D  B  cot  ysin  S  —  D  B  cos  S  -^  C  B  cos  F+  G  B  oot  y  sin  F  — 
CA  =  0. 

Substituting  the  values  oi  D  B,  B  C  and  G  A  and  dividing  by  ^  h; 

(i)  3  (2/— «)cot:Ksin5  — 3(2  7— ?i)cos5-f  (3  7— y  )sec((5  x  7*') 

cos  7=^  -f  (3   7  —j)    sec   (5  -f  7^)    cot  y  sin   F ^  (3  I —  %)  sec 

(S  +  F)  cos  7^—3  ''-     —   ii  (3  7/  —  3  n,  -f  ^")  =  0. 

y         1^      ^  y 

Assume  ti  =  r  1;  n^  =  }\y.  Substituting  in  the  above  and  replacing 
o  by  y  —  7  cos  5  .• 

3  (2  —  r)  7cot  ;'  sin  (5  4-  3  ?•  /cos  J  -f  (3  —  ?•-)  7sec  (5  -f  F)  cot  y 

sin  7^4- (ilH^)  7- cos  5  cos  7^  sec  (5  +  F)  _  3  y -^-1^^^  -  h 

y  y  h 

(3-3  r,  +  r^-)  y  =  Q. 

Add  and  subtract-^ J-  sin  S  sin  F  sec  (S  -f  7^),  combining 
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Mr.  Thomas,  additive  quantity  with  third  term;  siibtractive  quantity  with  fourth 

term: 

( j)  3  (2  —  r)  /cot  ;k  sin  5  +  3  r  /  cos  5  -f  (3  —  r")  /  sec  {S  +  F) 

.     „.     ,       ,   /sinS,   ,    (S  —  r)  ^^       .^  3  7-cos2<5      hi     ^„      _ 

sin  F  cot  y  -\ )  +  ^ P  —  S  y -^  ?/  (3  —  3  r, 

y  y  '  y  a 

+  '-i^")  =0. 

Assume  for  cos  S  an  exj^ansion  of  the  form  cos  d  ^^  I  -\-  l'  sin  8,  and 
determine  ^  and  k  by  the  conditions  that  expansion  shall  be  true  for  two 
assumed  angles  S^  and  (90  —  5j),  then  I  =  cos  d^  +  sin  Sj,  and  k^  —  1. 
Substitute  /  —  sin  5  for  cos  S  in  equation  (j),  ^  for  /  sin  5,  and  y  —  z 
for  I: 

3  £  (2  —  r)  cot  :k  +  3  r  Z  y  —  3  r  ^  2  —  3  r  2  +  (3  —  r')  /sec  (<5  +  -P) 

7  ,2      2  ^      -  7 

sin  F  (cot  ;k  +  — )  —  r-  3/  +  r  -2  —  '-^  —  3  y  -^  —  ~h  y  (3_  3  rj  -|- 

r,2)  =0.  -^    _  ^  ^  ^ 

Now,  cot  y  =  '- -.   [See  equation  (d)l. 

cos  /3  —  y  '■' 

Also  ^1  =  /ij  sin  /j  =  i\  y  sin  /i,  and  //  =  z  cos  ^. 

Substituting  these  values,  clearing  of  fractions,  and  arranging  ac- 
cording to  powers  of  z,  except  as  to  fifth  term,  there  results: 

(k)  [3  y  (2  —  r)  +  (3  —  r-)  (cos  /i  —  y)]  /  +  [^  y  (2  —  r)  sin  /i  — 
r  3/  (cos  ^  —  y)(S  +  Sl  —  2  >•)]  z'  -f  /  (cos  /3  —  y)  (3  r  /  —  3  —  r^)  2  + 
(3  —  r-)  /sec  (5  -f-  /")  sin  F  [y  sin  /i  +  2  cos  /i)  2  —  ?-i  v'^  tan  /i  (3  — 
3  V,  +  r;-^)   (cos  /i  -  y)  =  0. 

By  plotting,  in  the  critical  i:)osition,  a  number  of  gates  satisfying 
the  geometrical  conditions,  it  is  observed  that  the  junction  of  the 
chains  2  and  the  uj)-stream  leaf  y  falls  at  a  nearly  constant  distance 
above  the  base,  through  a  wide  range  in  the  relative  values  of  x,  yand 
2.  The  mean  value  of  this  distance  is  about  0.17,  in  terms  of  the  base; 
it  equals  y  sin  /3  (see  Fig.  17).  It  is  further  observed  that  the  ratio 
r  of  segment  n  of  idler  above  the  level  of  junction,  to  the  whole 
idler,  is  a  slowly  varying  quantity  with  a  mean  value  of  about  0. 7.  In 
using  equation  (k)  for  back-water  at  or  below  junction  of  y  and  z, 
assume  values  of  /i  and  give  7\  values  from  1  (equals  no  back-water)  to 

0  (equals  back-water  to  junction  of  y  and  z).     For  first  approximation 

to  2,  compute  y  from  the  relation  //  sin  fi  equals  0.17;  make  r  equal 

0.70;  I  equal  sin  35°  -\-  cos  35°  :=  1.39;  and  neglect  term  involving  angle 

of  friction  F.     For  second  approximation,  comiJute  y  from  the  rela- 

2  covers  /j  t.-         j    ,^      t  a  r  at 

tion    V  =  —  1  see  equation  ic)  ;  1  from  1  ^=  y  —  2;    0    ironi 

2  4-  vers  fi   ^  ^ 

1  sin  8  =  2;  r  from  r  = r r ;,;  /  from  /  =  sin  8  4-  cos  8. 

tan  8  -\-  tan  p 

Introduce  these  values  of  y,  /,  5,  /  and  r,  in  the  general  equa- 
tion, friction  term  included,  and  assign  value  to  the  angle  of  friction 
(made  equal  to  3^  in  present  discussion).  For  2  in  the  friction  term, 
substitute  the  value  resulting  from  the  first  approximation. 
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The  second  approximation  will  in  general  be  suflScient.     For  the  Mr.  Thomas, 
hack-waters  from  junction  of  y  and  z  to  crest  of  gate,  when  at  the 
critical  position,  the  term  in  )\  reduces  to  zero,  and  the  equation  be- 
comes: 

(m)  [3  3/  (2  —  ;•)  +  (3  —  r"')  (cos  (i  —  y)\  z'  +  [3  y  (2  -  r)  sin  (i  — 
T  1/  (cos  fi  —  y)  (3  +  3  /  —  2  ?•)]  z  4-  y-  (cos  /j  —  y)  {3  r  I  —  S  —  r^)  -\- 
(3  —  ?•-)  / sec  (S  +  F)  sin  F  {y  sin  /i -\-  2  cos  /3)  =  0. 

For  this  equation  assign  values  to  r  from  rh  0. 7  to  0,  and  proceed  in 
other  respects  as  in  the  former  case. 

To  exi^ress,  in  terms  of  the  full  height  of  gate,  the  back-water  cor- 
responding to  the  several  values  of  r,,  we  have,  calling  the  height  H 
and  the  back-water  b: 

h  _  7?ii  sin  fj  _         y  {\  —  i\)  sin  (5 

(See  Fig.  17.) 


H 


H  2  v/(i  ^  2)  2  (1 


y>y- 


Fig.  19. 
And  for  the  case  of  the  back-water  above  the  junction  of  y  and  ^,  at 
critical  position: 

_6  _  {y  sin  /i  +  z  cos  fi)  —  r  /sin  [8  -|-  ft) 

H~  2  s./[l+2)z(l-y)y. 

The  values  of  z  corresponding  to  one  assumed  value  of  f5  are  i^lotted 
as  ordinates  with  the  corresponding  back-waters  -=:  as  abscissas,  and  a 
smooth  curve  traced  through  the  plotted  points.  There  will  be  one 
curve  for  each  value  of  /i  used  in  the  reduction.  Values  of  z  corre- 
sponding to  even  tenths  of  back-water  are  scaled  from  these  curves. 
The  corres23onding  values  of  y  can  be  computed  from  the  relation 

z  covGrs  fS 
y  =   — I ^,  and  X  follows  from  the  relation  x  ■\-  y  —  z  =  1.     The 

z  -f-  vers  (5  '   ^ 
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Mr.  Thomas,  values  of  x,  //  and  z  corresijonding  to  any  one  back-water  and  the 
several  values  of  /i,  can  be  used  in  plotting  tlie  locus  of  the  crest  of  all 
gates,  satisfying  the  condition  of  equilibrium  for  that  particular 
back-water.  A  number  of  such  curves  are  appended;  they  are  for 
gates  raised  to  full  height  (see  Fig.  19). 

Table  No.  1  gives  values  of  x,  //,  z,  and  H  corresponding  to  various 
values  of  the  angle  (p  of  inclination  of  the  down-stream  leaf  to  the 
base  when  the  gate  is  at  full  height.  These  values  were  scaled,  or 
computed  from  quantities  scaled  from  the  above-mentioned  curves. 

TABLE  No.  1. — Lang-Gate  Pkopoetions. 


No  back-water. 

b 

<p 

X 

y 

2 

H 

<P 

x 

y 

2 

H 

60 
6% 

.729 
.714 
.672 
.635 
.611 
.585 

.521 
.&44 
.576 
.608 
.630 
.655 

.250 
.258 

.243 
.241 

.240 

.558 
.567 
.550 
.536 
.529 
.519 

47^° 

50 

52^ 

55 

57J^ 

60 

62]^ 

.715 
.697 
.668 
.637 
.616 
.590 
.564 

.512 
..536 
.564 
.592 
.616 
.640 
.664 

.227 
.233 
.232 
.229 
.232 
.230 
.228 

.528 
.534 
.530 
.522 
.520 
.512 
.500 

b 

I 

H 

=  0.3 

-jj-OA 

<P 

X 

y 

2 

H 

<P 

X 

y 

2 

H 

421^° 

.706 

.485 

.191 

.478 

421^° 

.678 

.499 

.irr 

.457 

45 

.691 

.508 

.199 

.490 

45 

.651 

.529 

.180 

.461 

47J^ 

.670 

.534 

.204 

.494 

471^ 

.627 

.556 

.183 

.462 

50 

.644 

.562 

.205 

.493 

50 

.600 

.5M 

.184 

.461 

5% 

.612 

.591 

.203 

.486 

52J^ 

.576 

.609 

.185 

.457 

55 

.584 

.618 

.202 

.479 

55 

.551 

.634 

.185 

.452 

57J^ 

.559 

.&t2 

.201 

.472 

57^ 

.527 

.658 

.185 

.444 

60 

.536 

.665 

.201 

.463 

60 

.505 

.680 

.185 

.438 

62^ 

62}^ 

1-0.6 

jj=  .75  to  1.0 

<t> 

X 

V 

2 

H 

9 

X 

y 

z 

H 

62^ 

.660 
.632 
.610 
.590 
.570 
.551 
.529 
.510 

.510 
.539 
.565 
.589 
.612 
.6.34 
.657 
.678 

.170 
.171 
.175 
.179 

.182 
.185 
.186 
.188 

.446 
.447 
.451 
.453 
.453 
.451 
.446 
.442 

471^ 
50 

62^ 

.676 
.653 
.682 
.611 
.590 
.570 
.M9 
.529 

.501 
.528 
.a53 
.578 
.602 
.625 
.647 
.669 

.177 
.181 
.185 
.189 
.192 
.195 
.196 
.198 

.456 
.462 
.466 
.468 
.469 
.467 
.463 
.458 
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Capt.  J.  G.  Warren. — The  automatic  water  gate,  on  the  Louisville  Mr.  Warren, 
aud  Portland  canal,   Fig.  7,  page  543,  is  of  the   "Modified  Parker" 
type,  erroneoiislv  called   "Lang,"  and  its  i)roi)ortions  are  in  accord- 
ance with  a  mathematical  analysis  made  by  Captain  H.  M.  Chittenden, 
which  may  be  expressed  as  follows: 

"  Any  gate  whose  leaves  fulfill  the  geometrical  condition,  lower 
leaf  4-  lower  section  upper  leaf  —  upper  section  upper  leaf  =  base, 
and  whose  vertex  when  at  full  height  does  not  rise  above  the  curve 
corresponding  to  the  i)articLilar  case  of  back-water  considered,  will 
fall  under  the  action  of  hydraulic  force  alone." 

The  maximum  angle  at  the  base  is  60^;  a  gate  having  this  angle 
will,  when  up,  have  a  section  in  the  form  of  an  equilateral  triangle, 
and,  therefore,  the  most  economical  form  of  construction. 

The  total  width  of  the  gate  is  -40  ft. ;  the  height,  when  completely 
up,  is  15  ft.  So  ins.;  when  raised  to  this  height  the  down-stream  leaf 
will  sustain  a  load  of  154.7  tons,  or  3.87  tons  per  lineal  foot  of  gate. 

The  sixteen  girders  composing  the  leaf  are  proj^ortioned  to  this 
load;  no  allowance  was  made  for  the  resistance  of  the  outer  skin,  the 
flanges  of  the  girders  alone  being  considered. 

The  maximum  compression  is  10.5  tons;  the  flange  section  is  3.j  sq. 
ins.,  at  20  tons  per  square  inch;  the  flange  resistance  is  70  tons,  cor- 
responding to  a  factor  of  safety  of  6f .  The  up-stream  leaf  was  de- 
signed with  a  factor  of  safety  of  5.  All  the  wearing  parts  of  bolts  and 
hinges  are  greatly  in  excess  of  this  figure. 

Weight  of  down-stream  leaf ...     41  884  lbs. 

"up-stream         "    18  862    "        60  746  lbs. 

Displacement  of  down-stream  leaf  ....     67  844   " 

"up-stream  "    2  406    "        70  250    " 

Buoyancy 9  504   ' ' 

The  wickets  are  operated  by  hydraulic  machinery,  as  shown  in  the 
drawings,  the  city  water  at  70  lbs.  pressure  being  utilized.  This  is 
regulated  by  an  ingenious  5-way  valve,  the  device  of  Mr.  J.  H.  Casey, 
Assistant  Engineer.  A  stroke  of  this  valve  in  one  direction  moving 
the  pistons  and  opening  one  set  of  wickets,  at  the  same  instant  closes 
the  opposite  ones;  a  stroke  of  the  valve  in  the  opposite  direction  ex- 
hausts the  water  from  the  cylinders  and  reverses  the  above  process. 
The  wickets  can  be  so  moved  that  a  full  stream  of  water  can  be  set 
running  in  a  few  seconds  and  this  flow  regulated  or  stopped  with  ease 
instantly. 

The  steel  shield  or  gasket,  having  one  end  bolted  to  the  outside  of 
the  leaf,  the  other  free,  moving  in  and  concentric  with  the  quoin, 
will  be  forced  by  the  pressure  of  the  water  against  the  hollow  quoin 
and  prevent  leakage  when  the  chamber  is  being  filled.     This  shield, 
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Mr.  Warren,  originally  made  of  -j -in.  steel,  was  found  to  be  too  stiff ;  ^-in.  material 
was  substituted  and  fully  answered  the  purpose. 

The  flap,  or  idler,  at  the  lower  end  of  the  up-stream  leaf  prevents 
leakage  into  the  chamber  when  the  gate  is  being  lowered.  The  pipe 
line  leading  from  the  shaft,  and  connecting  the  different  compart- 
ments, is  for  the  drainage  of  leakage  from  the  lower  leaf  and  for 
letting  water  into  the  interior  of  the  leaf,  should  it  be  necessary  to 
increase  the  specific  gravity  of  the  gate. 

The  difficulty  with  gates  of  this  general  type  hitherto  constructed, 
has  been  that  they  did  not  fall.  As  far  as  the  theoretical  solution  is 
concerned,  the  one  in  question  should  be  free  from  that  defect;  if  not, 
then  practically  it  can  be  made  to  fall  by  the  device  referred  to. 

The  cylindrical  metal  floats  at  the  sides  of  the  down-stream  leaf 
have  been  replaced  with  flat  wooden  ones.  The  unequal  rotation  at  the 
two  ends  of  the  float  gate  in  motion  caused  twisting  and  jamming,  as 
should  have  been  foreseen.  The  pins  of  the  hinges  connecting  the  two 
sections  of  the  up-stream  leaf  have  been  made  continuous,  it  having 
been  found  impracticable  to  keep  them  in  proper  line,  with  the  play 
allowed. 

The  gate  rose  and  fell  without  difficulty,  and  with  less  than  a  6-in. 
head  the  first  time  it  was  tried. 
'  Harcourt.  L.  F.  Vernon-Hakcoubt,  Esq. — The  writer  has  been  much  interested 
in  the  paper,  having  inspected  several  of  the  French  types  of  dams  in 
1879,  and  read  a  paper  on  the  subject  of  "Fixed  and  Movable  Weirs  "  * 
before  the  Institution  of  Civil  Engineers  in  1880.  Again,  in  1888,  he 
visited  some  movable  dams  in  Belgiiim  and  Germany,  and  described 
them  in  a  paper  on  "Some  Canal,  River,  and  Other  Works,  in  France, 
Belgium  and  Germany,"  f  read  before  the  Institution  of  Civil  Engineers 
in  1889.  At  an  International  Congress,  held  in  Paris  in  1889,  at  the 
request  of  the  organizing  committee,  he  presented  a  report  on  "La 
Canalisation  des  Rivieres,  et  les  divers  Systemes  de  Barrages  Mobiles, " 
in  which  examples  of  the  principal  types  of  movable  dams  are  shown, 
drawn  to  the  same  scale  for  the  sake  of  comi^arison,  a  system  also 
adopted  in  "Rivers  and  Canals."  J  The  present  paper  consists  mainly 
of  descriptions  in  detail  of  these  now  well-known  types  of  dams;  and 
therefore  the  chief  point  of  interest  lies  in  the  description  of  the 
author's  extension  of  the  needle  dam  to  the  maintenance  of  a  greater 
head  of  water,  on  the  Big  Sandy  River  at  Loiiisa,  than  hitherto  accom- 
plished; and  the  formation,  at  the  same  time,  of  a  more  water-tight  dam. 
This  result  has  been  effected  by  adopting  wider  and  thicker  spars  than 
usual  for  the  needles,  which  are  consequently  put  in  jslace  and  removed 
by  the  aid  of  a  crab  and  tackle  on  a  barge,  which  also  serves  as  a 

*  Min.  Froc.  Inst.  C.  E.,  vol.  Ix,  p.  24. 

t  Ibid,  vol.  xcvi,  p.  182. 

X  "Rivers  and  Canals,"  L.  F.  Veruou-Harcourt,  3d  Edition,  1890,  vol.  i,  plate  4. 
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storehouse  for  the  needles.    Another  novelty  is  the  form  of  the  trestles  Mr.  Vernon- 

carrying  the  foot-bridge,  which  are  so  constructed  that  when  lowered 

they  fit  one  within  another,  so  that  they  lie  flatter  on  the  bottom,  and, 

being  consequently  adequately  protected  by  a  shallow  recess,  they  are 

less  liable  to  be  covered  by  detritus  carried  down  the  river  than  the 

ordinary  forms  of  trestles.  The  modification  in  the  form  of  the  trestles 

appears  to   be  a  decided  improvement,  but  how  far  heavy  vertical 

spars  for  closing  the  dam  are  jjreferable  to  the  Boule  sliding  panels, 

or  the  system  of  horizontal  planks,  remains  to  be  proved  by  further 

experience,  as  sliding  panels  are  more  readily  put  in  place  or  removed, 

and  serve    better  than  heavy   needles  for  adjusting  the  water-level 

above  the  dam.     Camere's  rollmg-up  curtain  is  very  easily  worked, 

and  is  capable  of  perfect  adjustment;  but  the  greater  delicacy  of  the 

contrivance  might,  perliaps,  render  it  unsuitable  for  rough  work  in 

places  where  it  might  be  difficult  to  carry  out  repairs. 

In  his  description  of  the  different  types  of  movable  dams,  the 
author  speaks  of  the  "  Krantz  wickets  with  pontons,"  on  page  559,  as 
in  use  at  Port  Villez  dam.  This  is  quite  a  mistake,  as  when,  in  1879, 
the  engineer  of  the  Port  Villez  dam,  M.  Camere,  was  asked  about  this 
system,  he  rejjlied  that  some  experiments  having  proved  the  system 
to  be  unworkable,  under  the  existing  conditions,  the  works  for  it  had 
been  abandoned.  The  author  appears  to  be  unaware  of  the  adoption 
of  a  hydraulic  brake  for  regulating  the  rise  of  the  large  shutters,  with 
the  current  of  the  river,  in  the  Sone  dam,  which  has  done  away  with 
the  injurious  shocks  to  the  chains  holding  the  rising  shutters  of  the 
Thenard  system  of  dam,  to  which  he  alludes  on  page  531,  a  contriv- 
ance fully  described  by  Mr.  R.  B.  Buckley  in  his  paper  on  "Movable 
Dams  in  Indian  Weirs,"  *  in  1880.  The  author  states,  in  describing 
the  drum  weirs  placed  across  the  timber  passes  on  the  River  Main 
(page  552),  that  "the  under  shutter  is  i^laced  at  right  angles  to  the 
upper  one,  and  not  in  the  same  plane."  In  reality,  the  under  shutter, 
though  never  placed,  in  any  drum  weir  hitherto  constructed,  in  the 
same  plane  as  the  upper  one,  is  for  the  most  j^art  approximately 
parallel  to  it,  and  has  never  been  put  at  right  angles  to  the  upper 
one.  Sections  of  the  drum  weirs  on  the  Main  and  at  Charlottenburg 
are  shown  in  the  writer's  paper  of  1889,t  and  sections  of  the  drum 
weirs  on  the  Marne  in  the  writer's  jpaper  of  1880,J  which  are  not  cor- 
rectly given  in  Fig.  8,  page  551,  of  the  jiaper. 

The  proposed  employment  of  a  drum  weir  of  a  somewhat  modified 
type  on  the  Osage  River  is  of  interest,  as  this  type  is  the  most  per- 
fect form  of  movable  dam,  on  account  of  the  ease  and  precision  with 
which  it  can  be  raised  or  lowered  to  any  desired  extent.     The  depth 

*  Min.  Proc.  Inst.  C.  E.,  vol.  Ix,  p.  43,  and  plate  5. 

t  /bid,  vol.  xcvl,  pp.  191  and  193. 

t  Ibid,  vol.  Ix,  plate  3,  figures  2,  3  and  4. 
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Mr.  Vernon-  of  foundations,  however,  necessitated  by  the  drum  recess  below  the 
'  dam,  makes  this  system  very  costly,  and  has  hitherto  i^revonted  its 
adoption  for  high  dams;  though  in  every  other  respect,  excejit  cost,  it 
fulfills  atlmirably  the  requirements  of  a  movable  dam.  As  a  regulat- 
ing weir  for  adjusting  the  water  level  above,  and  placed  across  passes 
for  the  passage  of  timber  or  drift,  it  is  by  far  the  most  suitable  form 
of  dam. 

The  descent  of  detritus  along  the  river-bed,  floating  drift,  and  a 
very  variable  discharge  are  the  most  serious  impediments  to  the  effi- 
cient action  of  movable  dams.  The  first  two  conditions  render  the 
lowering  of  frames  on  to  the  river-bed  and  the  provision  of  a  foot- 
bridge inexpedient;  and  the  third  cannot  conveniently  be  provided 
against  by  needles.  The  bear-trap  and  the  Thenard  shutter  dam  allow 
of  the  passage  of  drift;  but  they  are  not  w'ell  adapted  for  rapid  work- 
ing, or  for  regulating  the  water  level.  The  Chanoine  wicket  dam  can 
regulate  the  discharge  by  butterfly  valves  in  the  upper  jaanels  of  the 
Tvickets,  and  it  is  readily  lowered;  but  to  raise  it  without  the  aid  of  a 
foot-bridge  is  a  tedious  operation.  With  a  foot-bridge,  the  wicket 
dam  is  readily  worked,  and  the  discharge  can  be  easily  regulated  by 
chains  fastened  to  the  top  and  bottom  of  the  wickets;  but  the  foot- 
bridge imjiedes  the  passage  of  drift,  and  iinder  such  circumstances  is 
liable  to  be  swept  away  by  a  sudden  flood,  as  occurred  at  the  Davis 
Island  dam.  It  also  renders  the  wicket  dam  considerably  more  costly 
than  the  needle,  panel,  or  rolling-up  curtain  dam.  Frames  hanging  from 
an  overhead  foot-bridge  closed  by  rolling-up  curtains,  as  at  Poses  at 
Port-Mort  on  the  Seine,*  answer  every  requirement  of  a  movable  weir 
except  cheapness,  as  the  discharge  is  easily  regulated  by  the  raising  or 
lowering  of  the  curtains,  and  the  hanging  frames  are  readily  lifted  out 
of  the  water  from  the  foot-bridge  for  the  passage  of  drift,  or  to  open  the 
navigable  pass  for  vessels  in  flood  time.  The  wide  foot-bridge,  how- 
ever, the  high  piers  to  give  the  necessary  navigable  headway  under 
the  foot-bridge,  and  the  long  frames  hinged  to  the  high  foot-bridge 
render  the  system  exjaensive. 

The  author,  toward  the  close  of  the  paper,  refers  to  several  pro- 
posed forms  of  movable  dam  which  display  considerable  ingenuity 
in  design;  but  it  would  be  difficult  to  form  a  just  estimate  of  their  merits, 
until  they  have  been  submitted  to  the  test  of  practical  experience. 
Of  the  existing  types  of  dams,  the  drum  appears  the  best  for  a  regu- 
lating dam,  and  tor  closing  passes  which  have  occasionally  to  be  opened 
for  a  short  time  for  the  passage  of  timber  or  drift.  The  needle  dam 
with  improved  trestles  appears  suitable  for  maintaining  a  fair  head  of 
water  in  rivers  which  do  not  bring  down  large  quantities  of  drift,  and 
whose  discharge  does  not  rapidly  vary,  while  the  sliding  panel  and 

*  "The  River  Seine,"  L.  F  Vernon-Harcourt,  Min.  Proc.  Inst.  C.  E.,  vol.  Ixxxiv,  pp. 
284  to  236,  and  plate  3;  and  "  Rivers  and  Canals,"  vol.  i,  plate  4,  tig.  11. 
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curtain  dams  aftbrd  superior  facilities  for  regulating  the  discharge,  Mr.  Vernon- 
thoiigh  their  complete  opening  might  possibly  occupy  a  longer  period 
than  that  of  the  needle  dam.  Where  large  masses  of  drift  are  carried 
down,  and  sudden  floods  occur,  a  wicket  dam  without  a  foot-bridge 
would  provide  the  most  convenient  tlam,  especially  if  furnished  with 
imi)rovod  trijjpiug  arrangements.  In  rivers  with  beds  of  shifting 
shingle,  frames  hanging  from  an  overhead  bridge  woiild  furnish  the 
only  reliable  sui^ports  for  a  movable  dam;  but  such  a  dam,  though 
costly,  could  be  made  of  any  desired  height. 

J.  P.  Frizell,  M.  Am.  Soc.  C.  E. — The  author  has  rendered  an  ac-  Mr.  Frizell. 
ceptable  service  to  the  profession  by  this  resume  of  the  subject  of 
movable  dams.  The  advantages  of  a  movable  dam  over  a  fixed  one 
are:  That  it  leaves  the  channel  undisturbed  when  there  is  a  sufficient 
depth  of  water  ;  and  that  it  attempts  to  control  the  stream  only  in  its 
time  of  weakness,  and  is  withdrawn  in  seasons  of  strength  and  fury, 
so  that  it  does  not  require  the  strength  and  massiveness  of  a  per- 
manent dam.  It  secures  the  latter  advantage  only  when  it  extends 
entirely  across  the  stream,  and  sacrifices  it  in  so  far  as  it  consists,  in 
part,  of  a  i^ermanent  structure.  It  has,  therefore,  seemed  to  the 
writer  that,  if  a  sufficiently  simple,  reliable  and  manageable  system  of 
wickets  or  shtitters  could  be  devised,  a  permanent  weir  need  form  no 
part  of  such  a  dam.  Neither  can  the  writer  understand  why  so  much 
stress  need  be  laid  upon  the  regulation  of  the  height  of  the  jjool. 
This  may  in  some  cases  be  necessary  in  the  interest  of  rii^arian 
owners  ;  but  it  is  presiimed  that  where  the  Government  has  the  right 
to  Iniild  a  dam  of  given  height,  in  the  interest  of  navigation,  it  can 
build  either  a  movable  or  permanent  dam,  and  in  the  latter  case  the 
height  of  the  pool  must  take  care  of  itself. 

The  Chanoine  wicket  jointed  at  the  center  and  resting  on  a  horse 
which  can  be  raised  and  lowered  at  will,  appears  to  be  the  most  per- 
fect device  yet  brought  into  use  for  the  movable  dam.  It,  neverthe- 
less, leaves  much  to  be  desired.  Its  mauipixlation  reqiiires  a  foot- 
bridge with  all  its  attendant  attachments.  It  is  erected  and  thrown 
down  under  a  head,  and  requires  extra  help  for  these  operations  which 
are  laborious  and  dangerous.  Both  dam  and  foot-bridge  are  liable  to 
be  fouled  by  drift  in  consequence  of  the  numerous  articiilations  under 
water.     Overflow  is  not  admissible. 

The  writer,  while  engaged  in  works  of  navigation,  had  occasion  to 
study  the  subject  of  movable  dams,  if  not  fully,  at  least  attentively, 
and  this  subject  has  since  been  prominent  in  his  professional  studies. 
He  is  persuaded  that  a  dam  combining  all  the  seven  requisites  enu- 
merated by  the  author  is  not  beyond  the  resources  of  the  mechanic 
arts.  His  mind  has  gravitated  toward  the  idea  of  shutters  hinged  to 
the  bottom,  which  appears  to  him  more  likely  to  secure  the  desired 
object  than  any  system  of  trestles,  foot-bridges,  needles  and  wickets. 
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Mr.  Frizell.  Probably  the  solution  -will  be  found  in  some  device  which  has  pre- 
sented itself  a  thousand  times  to  the  mind  of  every  man  who  has 
studied  the  subject,  and  has  been  rejected  as  too  simple  for  considera- 
tion. 

TheThenard  shiitters  described  by  the  author  (page  532),  asapj^lied 
to  the  tojj  of  a  dam,  worked  very  well  in  that  situation.  How  would 
they  work  if  applied  to  the  bed  of  a  stream  as  in  Fig.  20  ?  In  high  water 
both  sets  of  shutters  lie  flat  on  the  bottom,  and  are  latched  down. 
They  are  supposed  to  have  buoyancy,  so  that  the  free  end  will  rise  to 
the  surface  if  permitted.  To  raise  the  dam  the  up-stream  set  are  un- 
latched, as  near  as  may  be,  simultaneously.  The  ends  rise  to  the  sur- 
face, and  a  head  is  raised  which  erects  them  as  near  as  the  chains  will 
permit.  The  interstices  between  the  shutters  are  stopjjed  in  the  usual 
manner,  and  the  total  flow  of  the  stream  is  temporarily  arrested.  As 
the  water  above  rises,  that  below  falls,  and  the  jjoint  is  soon  reached 
at  which  workmen  can  wade  in  and  set  up  the  down-stream  shutters. 
When  water  overflows  the  up-stream  shutters  and  fills  the  space  be- 
tween the  two  barriers, 
/7  the   up-stream    set    are 

//  relieved  of  all  i3ressure 

\v  //  and    may    be    weighed 

^=^^^  /k^  down  and  latched.  There 

/        \\     "        //      ^^  results  a  barrier  consist- 

/  \\ y/ TEMPORARY^S^OW    WATER  .  ^  .  ,  ,  .  - 

/  V^^_ii°=  r;^^ ^:^;:::=^--^-^^g  ■ — s    lug  oi    a  single   line   ot 

V«^         """1^      ^'  '^-^^      j*^-  shutters,  which  can  be 

!|  !:      I  .i  tightened  by  the   usual 

Fig.  20.  means,  and   which    can 

sustain  an  overflow  to  a 
moderate  extent  without  inconvenience.  A  heavy  overflow,  accom- 
panied by  drift,  might  cause  the  premature  trijiping  of  a  shutter. 
When  the  time  for  lowering  comes,  the  dam  can  be  thrown  down  by 
tripping  the  props  with  the  usual  devices. 

Although  this  method  seems  very  inviting  and  seductive,  it  has  one 
defect.  After  the  up-stream  shutters  are  in  position,  should  anything 
occur  to  delay  the  raising  of  the  lower  ones,  till  the  water  overtops 
the  upper,  the  whole  movement  would  be  blocked,  as  the  upi^er  shut- 
ters could  not  be  lowered  nor  the  lower  ones  raised.  This  objection 
is  fatal,  as  the  navigation  of  a  stream  could  not  be  subjected  to  such 
a  risk. 

The  bear-trap  gate  has  found  some  application  in  narrow  sluices 
and  locks,  but  none,  so  far  as  the  writer  is  aware,  to  the  purpose 
under  consideration,  viz.,  the  control  of  a  wide  river  channel.  To 
confine  it  to  a  narrow  pass  and  make  the  rest  of  the  dam  permanent, 
defeats  one  of  the  main  advantages  of  movable  over  permanent  dams, 
besides  incurring   the  difficulties  incident  to  a   very   swift   current 
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through  the  pass,  which  is  at  times  unavoitIabk\  To  give  it  a  length  Mr.  Frizell. 
sufficient  to  close  the  entire  channel  is  not  to  be  thought  of,  and 
to  divide  the  channel  into  a  number  of  passes  by  piers  is  a  needless  in- 
crease of  exi^ense.  The  raising  of  the  dam  presu^jposes  a  head  already 
existing,  implying  in  the  jjroposed  ajiplication  the  means  of  raising  a 
head  independent  of  the  bear-trap,  a  complication  which  it  is  desirable 
to  avoid. 

The  combination  known  as  the  Girard  shutter,  consisting  of  a 
hinged  shutter  raised  against  the  current  by  a  hydraulic  jack,  is  en- 
titled to  careful  consideration.  It  is  not  chimerical,  and  would  be 
worthy  of  adoption  if  no  arrangement  less  open  to  objection  were  ob- 
tainable. The  cylinders  are  assumed  to  lie  flat  on  the  bottom  and  the 
plungers  to  move  horizontally,  being  articulated  to  the  props  which 
act  on  the  shutters.  The  cylinders  are  all  supplied  from  the  same 
pipe,  so  that  when  the  jjressure  water  is  turned  on,  the  shutters  rise 
simultaneously.  Under  these  conditions  the  raising  of  the  dam  is  by 
no  means  so  formidable  an  operation  as  might  be  supj^osed,  since  but 
a  slight  head  can  accumulate  during  the  operation.  The  dam,  after 
being  raised,  must  be  held  in 
position  by  the  pressure  of 
the  water  on  the  hydraulic 
plungers.  Any  disposition  in- 
tended to  avoid  this  necessity 
would  introduce  new  compli- 
cations into  the  system,  a  thing 
to  be  avoided  by  all  jjossible 
means,    as    every     additional 

attachment  is  an  additional  source  of  derangement,  and  an  additional 
risk  of  failure.  This  condition  necessitates  a  constant  supply  of 
water  under  pressure. 

The  power  for  pumping  would  most  naturally  be  obtained  from  a 
turbine,  in  the  Avail  of  the  lock,  which  could  only  run  while  the  dam 
is  up.  Even  were  the  power  furnished  by  a  steam  engine,  it  could  not 
be  expected  to  keep  steam  up  all  the  time.  An  accumulator  is,  there- 
fore, a  necessity.  This  accumulator  must  be  charged  while  the  dam 
is  up,  and  retain  the  charge  from  the  lowering  of  the  dam  until  the  time 
comes  for  raising  it  again,  a  period  liable  to  extend  to  many  months. 
This  -w^ould  involve  no  great  difficulty,  since  the  only  loss  would  be 
from  the  leakage  of  the  accumulator,  the  plunger  of  which  might  be 
chocked  so  as  not  to  rest  on  the  liquid  during  this  interval.  Leakage 
from  the  plungers  of  the  jacks  can  only  occur  while  the  dam  is  up  and 
power  is  obtainable.  The  quantity  of  water  to  be  carried  in  the  ac- 
cumulator, while  the  dam  is  down,  need  not  be  sufficient  to  fully  raise 
the  dam,  but  only  to  raise  it  enough  to  create  a  working  head  for 
the  turbine. 


Fig.  21. 
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Mr.'T'rizell.  In  this  system  some  trouble  is  to  be  apprehended  from  frost,  as 
the  dam  might  require  to  be  lowered  after  the  temperature  of  the 
water  had  fallen  to  32  degrees.  In  this  condition  ice  often  plays 
strange  freaks.  Mush  ice  accumulates  on  stone,  wood,  or  metal  be- 
low the  surface  of  water,  where  no  ice  occurs  on  the  surface.  It 
might  form  in  the  cylinders,  though  several  feet  below  water,  and, 
being  compressed  by  the  j^lungers,  prevent  the  dam  from  being  fully 
lowered.  This  difficulty  could  not  occur  in  raising  the  dam,  and 
should  it  occur,  would  have  no  worse  result  than  to  necessitate  the 
use  of  petroleum  or  some  other  liquid  instead  of  water. 

The  arrangement  of  Fig.  21  is  the  simplest  combination  that  can  be 
conceived  of  for  raising  a  head  of  water,  consisting,  as  it  does,  of  a 
single  row  of  shutters  jointed  to  the  bottom  and  sustained  in  an  erect 
IJositions  by  chains.  The  joint  is  of  the  form  shown  in  Fig.  22, 
admitting  a  movement  of  180  degrees.  Assume  the  shutter  to  have 
some  buoyancy,  so  that  the  free  end  will  rise  a  little  out  of  water. 
When  the  channel  is  open  suppose  the  free  end  to  lie  up  stream  and  to 
]  k  be  latched  down,  leaving  the  naviga- 


ble depth  over  it.  The  time  comes 
for  erecting  the  dam.  The  shutters 
having  been  unlatched,  as  near  as 
may  be,  simultaneously,  the  free  ends 
rise  to  the  surface,  and,  in  a  few 
minutes,  a  head  is  raised  which  sets 
the  shutters  erect.  They  take  the 
erect  position  as  soon  as  the  head 
HINGE  FOR  A  MOVEMENT  OF  180  DEGREES  becomcs  great  cuough  to  overcome 
Fig.  23.  their    weight,    and     no     dangerous 

shock  can  occur.  The  case  is  very  different  from  that  of  shutters 
located  on  a  weir  which  come  into  the  erect  position  under  the 
full  i^ressure  due  to  the  depth,  and  give  a  violent  jerk  upon  the 
chains.  To  droj?  the  dam,  the  chains  are  cast  loose  by  a  siiitable 
escapement,  falling  into  water  several  feet  in  depth,  so  that  they 
cannot  strike  the  bottom  or  their  seats  with  any  force.  To  put  them 
in  position  for  the  next  raising  of  the  dam,  they  must  be  reversed 
and  latched  with  their  free  ends  up  stream.  It  is  apprehended  that 
the  lack  of  attention  which  this  combination  has  received,  lies  in 
the  failure  of  inventors  to  realize  the  readiness  and  ease  with  which 
this  operation  of  reversal  can  be  performed.  The  only  api)lication 
which  this  device  has  received  hitherto  is  in  the  temporary  arrest  of 
the  flow  over  a  weir.  In  this  situation  its  reversal  without  an 
additional  set  of  shutters  woiild  be  difficult  and  dangerous,  requir- 
ing powerful  mechanism.  In  a  wide  channel,  with  a  gentle  current, 
the  operation  would  be  formidable  if  all  the  shutters  were  required  to 
be  raised   simultaneously,    or  to  be  raised  singly  and  remain  erect; 
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l)ut  to  raise  each  sluitter  siugly,  reverse,  weigh  dowu  and  hitch  it  be-  Mr.  Frizell. 
fore  i)roceediDg  to  the  next  oue,  is  in  no  sense  a  formidable,  difficult 
or  dangerous  oijeration.  A  shutter  4  ft.  wide,  18  ft.  high,  standing 
erect  in  water  8  ft.  deep,  moving  with  a  velocity  of  4  ft.  per  second, 
would  not  pull  more  than  150  lbs.  on  a  line  attached  to  the  top.  On 
throwing  down  the  dam  it  would  usually  be  advisable  to  weigh  do\STi 
the  shutters  and  latch  them  down  stream.  This  would  be  imperative  if 
a  flood  were  imminent.  The  work  of  raising  and  reversing  them  can  be 
done  as  the  workmen  find  time.  As  there  is  necessarily  a  depression 
on  the  down-stream  side  of  the  dam,  it  would  naturally  fill  with  sand 
or  gravel  during  high  water  while  the  dam  is  down ;  but  the  over- 
flow which  takes  place  after  the  dam  is  raised  will  sweep  these 
deposits  away  with  certainty  and  thoroughness.  Little  dej^osit  is  to 
be  apprehended  on  the  up-stream  side,  as  this  presents  a  smooth, 
Tinbroken  surface  while  the  dam  is  down,  and  the  stream  is  in  no  con- 
dition to  make  deposits  while  the  dam  is  up. 

The  desideratum  of  this  system 
is  a  suitable  escapement  for  cast- 
ing loose  the  chain  under  a  heavy 
strain.  It  is  unnecessary  to  enter 
into  these  details.  Such  a  device, 
operated  by  rods  or  chains  can  be 
originated  in  innumerable  forms 
by  any  skillful  mechanician. 
Modei'n  engineering  is  under  no 
necessity  of  ijulling  ropes  or  push- 
ing rods  to  jn-oduce  an  effect  at  a 
distance  from  the  operator,  or  at 
a  point  inaccessible  to   him.     It 

has  command  of  an  agency  whereby  the  pressure  of  a  finger  trans- 
mitted through  a  thin  wire  a  distance  of  miles  will  set  in  motion  a 
force  capable  of  lifting  a  war  ship  out  of  the  water,  and  this  by 
arrangements  which  will  remain  in  readiness  for  action  for  months 
and  years.  Fig.  23  represents  an  escapement  designed  on  these 
l)rinciples.  A  rod,  jointed  to  the  bottom,  carries  at  its  free  end  a 
deep  eye  or  short  tube,  with  its  axis  horizontal.  Each  shutter  is  sup- 
ported by  two  chains,  each  chain  being  attached  to  a  short  plug  which 
enters  this  eye,  not  meeting,  but  leaving  a  short  sjjace  between  the  two 
jilugs.  This  space  is  occupied  by  a  cartridge  of  exjjlosive  powder  en- 
closed in  a  metallic  case.  The  rod  is  hollow,  and  through  the  interior 
passes  the  electric  wire.  This  runs  to  the  center  of  rotation  of  the 
rods,  and  thence  to  the  shore  through  the  hollow  trunnions  on  which 
the  rods  rotate.  When,  after  throwing  down  the  dam,  the  shutters  are 
raised  for  reversal,  a  new  cartridge  is  inserted,  and  the  plugs  confined 
in  place  by  winding  them  with  spun  yarn  to  prevent  them  from  falling 
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Mr.  Frizell.  apart  while  loose.  Iq  lowering  the  shutter  to  its  up-stream  bed,  the 
rod  falls  on  the  bottom,  and  the  chain  lies  over  it,  thus  avoiding  kinks. 
No  method  of  tripping  by  rods  or  chains  could  be  devised  with  so  little 
attachment. 

This  combination  is  believed  to  fulfill  the  seven  conditions  pre- 
scribed by  the  author,  the  only  apparent  exception  being  as  to  the 
fifth,  viz. :  Since  the  shutters  could  not  be  operated  in  close  contact 
with  each  other,  extraneous  means  would  be  required  for  tightening.  It 
will  be  readily  understood,  however,  that  permanent  packings  could  be 
introduced  should  the  resulting  advantage  be  found  to  justify  the 
means.  It  is  suggested  for  the  consideration  of  those  who  are  am- 
bitious of  distinguishing  themselves  in  this  branch  of  engineeiing  that 
they  would  be  more  likely  to  attain  success  by  studying  and  develop- 
ing the  two  simple  forms  of  shutter  herein  presented  than  by  invent- 
ing new  and  more  complex  combinations. 

Flash  Boards. — In  dams  designed  to  raise  a  head  for  piirposes  of 
water  power,  the  height  of  the  dam  is  fixed  by  legislative  restriction, 
by  orders  of  Court,  or  by  agreement  with  mill  or  riparian  owners  above. 
It  is  the  height  of  the  weir  or  overflow  that  is  limited  in  this  manner. 

The  height  to  which  water  may  rise  is 


flash  boards 
Fig.  35. 


left  to  the  control  of  natural  agencies. 
This  leaves  a  zone  of  land,  above  the 
level  of  the  river,  constantly  subject 
to  overflow.  On  this  land  no  crops 
can  be  raised,  no  fences  constructed. 
Neither  can  any  permanent  structure 
be  erected  which  does  not  rise  above 
the  highest  flood.  Very  little  additional  damage  is  done  to  this  land 
by  maintaining  the  water  permanently  at  ordinary  flood  level,  and 
such  a  privilege  can  very  readily  be  obtained.  Such  jsrivileges  are 
of  great  value,  not  only  as  increasing  the  head  acting  on  the  wheel 
in  low  stages  of  the  stream,  but  as  enabling  the  water  of  nights 
and  holidays  to  be  held  to  a  larger  extent  for  use  during  working 
hours.  The  fixtures  for  accomplishing  this  result  are  called  flash 
boards. 

A  dam  owner  always  obtains  this  privilege  under  the  expressed  or 
implied  agreement  that  the  jjassage  of  the  water  over  the  weir  shall  be 
left  free  during  high  stages  of  the  stream,  otherwise  the  privilege  of 
ajj^jlying  flash  boards  would  simijly  amount  to  the  privilege  of  raising 
the  dam  so  many  feet  higher.  The  fulfillment  of  this  obligation  requires 
a  form  of  flash-board  barrier  susceptible  of  being  raised  or  lowei'ed 
at  will,  without  any  reference  to  the  stage  of  the  stream.  This  condi- 
tion is  very  imperfectly  fulfilled  by  the  methods  in  common  usej 
which  consist  generally  of  boards  resting  against  iron  i)ins  let  into  the 
dam,    as   shown    in   Fig.    25.       This    figure    rejH'eseuts   a   system    of 


CORRESPONDENCE  ON  MOVABLE  DAMS. 


589 


flash  boards  4  ft.  high,  ■vvbieli  is  tlie  greatest  height  ever  attempted,  Mr.  Frizell. 
heights  of  2  and  3  ft.  being  ranch  more  common. 

This  arrangement  holds  the  water  well  enough,  but  if  caught  in  a 
flood  there  is  no  relief  till  the  pins  are  broken  down  by  the  i^ressure 
of  the  water  or  l)v  floating  ice,  in  which  event  the  boards  go  down 
stream.  When  the  water  falls,  the  boards  are  left  without  support 
from  the  up-stream  side,  and  are  liable  to  fall  off  or  be  blown  off  by  the 
wind,  if  not  fastened  to  the  pins.  Fig.  25  indicates  one  mode  of  fasten- 
ing them,  viz.,  bv  small  staples  driven  into  the  boards  and  embracing 
the  pins.  The  joints  are  tightened  by  throwing  in  horse-dung,  saAv- 
dust  mixed  with  sand,  or  similar  matei'ial. 

On  many  large  water-jmwer  streams  the  maintenance  of  a  height 
of  6  ft.  dui'ing  low  water  would  involve  no  material  injury  to  any  in- 
terest whatever.  It  has  long  appeared  to  the  writer  that  the  jjrinciples 
of  moAable  dams  which  have  received  such  development  in  recent 
years  might  be  applied  with  great  advantage  to  this  case,  and  he  pre- 
dicts that  the  i)racticability  of  such 
applications  will,  before  many  years, 
become  apjiarent  to  those  who  have 
such  interests  in  charge.  As  showing 
the  line  on  which  such  application  will 
probably  take  place,  Figs.  26  and  24  are 
given,  representing  the  application  to 
an  existing  dam  not  constructed  with 
this  purjjose  in  view.  To  a  new  dam 
the  principles  could  be  more  advan- 
tageously aijplied.  The  barrier  con- 
sists of  a  line  of  shutters  hinged  to  the 
top  of  the  dam  at  the  ujj-stream  edge 
and  supported,  when  up,  by  props 
resting    near    the    down-stream   edge. 

Before  inserting  the  props,  a  chain  is  laid  along  the  dam,  between 
the  j)rops  and  shutters.  This  chain  leaves  the  dam  at  the  abutment 
and  runs  to  a  capstan,  by  winding  in  on  which  the  projjs  can  be 
tripped  and  the  shuttei-s  can  be  successively  thrown  down.  The  ojaer- 
ation  of  raising  the  shutters  is  not  required  till  the  stream  has  fallen 
to  a  stage  allowing  the  entire  flow,  at  certain  hours,  to  be  drawn  by 
the  mills.  At  such  times  the  water  is  below  the  cap  of  the  dam,  and 
the  raising  of  the  shutters  is  perfectly  simple.  The  shutters  would  be 
liable  to  the  same  difiiculty  as  the  boards,  being  lifted  clear  of  the 
props  by  the  wind  when  the  pressure  is  off,  allowing  the  props  to  drop 
out.  This  would  be  obviated  by  employing  the  form  of  hinge  shown 
in  Fig.  27,  limiting  the  movement  of  the  shutter  and  allowing  it 
to  be  strained  uj)  with  considerable  force  before  inserting  the  prop. 
The  fall  of  the  shutter  Avould  be  cushioned  by  the  water  underneath 


Fig.  26. 
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Mr.  Frizell.  it,  and  when  lying  flat  on  the  masonry  it  could  suffer  no  injury  from 
floating  bodies.  The  only  injury  to  be  apprehended  from  the  fall  of 
the  shutter  is  from  extraneous  bodies  lying  on  the  top  of  the  masonry, 
which  should  be  guarded  against.  A  stone  thrown  in  at  random 
would  be  very  certain  to  be  received  in  the  cavity  of  the  hinge.  It 
might  be  thought  that  the  wooden  i^rops  Avould  be  liable  to  be  caught 
under  the  shutter  when  the  latter  falls,  but  this  could  hardly  occur. 
Before  the  shutter  could  catch  the  prop,  the  bulk  of  the  water  under 
it  must  be  expelled,  carrying  the  prop  with  it.  The  props  need  not 
be  sacrificed,  as  are  the  boards  in  the  ordinary  arrangement,  as  they 
can  be  attached  by  cords  to  the  main  chain  and  hauled  in  with  it. 
Mr.  wuiard.  Major  J.  H.  WrLLABD. — Needle  dams  recommend  themselves  for 
moderate  lifts  on  account  of  the  small  base  required,  the  simplicity  of 
jjarts,  quickness  of  maneuvers,  and  the  small  amount  of  time  and 
money  for  replacement  or  repair  of  any  part.  For  high  lifts  the  in- 
creasing weight  of  the  needles  would  soon  become  prohibitory,   not 

only  because  hand  methods  could 
not  be  used,  but  because  of  the  loss 
of  time  in  setting  up,  and  the  in- 
creased annual  charge  for  operating. 
The  needle  dam  does  not  seem  suited 
for  streams  that  bear  much  drift, 
though  the  controllable  boom  at 
Louisa  is  a  clever  and  inexpensive 
device  for  keeping  it  away  from  the 
dam. 

The  writer,  when  visiting  the 
lock  and  dam  at  Louisa  last  Novem- 
ber, had  no  expectation  of  finding 
a  tight  dam,  and  was  agreeably  surprised  at  being  able  to  walk  the  full 
length  of  the  weir  masonry  dry-shod.  The  pool  was  drawn  dowTi 
about  a  foot  to  permit  some  repair  to  a  pier,  and  there  was  hardly  a 
trickle  between  the  needles.  The  pass  sill  was  under  water,  but  the 
flow  between  the  pass  needles  was  insignificant — only  a  small  gush  or 
spurt  here  and  there. 

Having  taken  a  pajjer*  of  some  16  pages,  with  plates,  giving  an 
account  of  some  experiments  in  regulating  pool  levels  on  the  Arden- 
naise  Meuse,  the  pools  under  treatment  fluctuating  considerably  from 
the  operations  of  a  great  number  of  mills,  the  writer  found  that  the 
problem  had  been  solved  by  standing  out  as  many  alternate  needles  as 
seemed  to  be  required  by  using  a  long-handled  trident  or  fork  and 
dropping  in  pins,  so  simple  a  method  that  the  author  hardly  thought 
it  of  sufficient  imjiortance  to  mention. 

Naturally,  the  author  does  not  advocate  his  trestle  form,  but  it  cer- 
tainly deserves  trial  on  a  large  scale.      The  writer  saw  a  model  of  full 

*  No.  17  of  Annales  des  Fonts  et  Chaussees.  2d  Trimestre,  1897. 
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size  composed  of  several  trestles,   and  lias  no  doubt  that  a  dam  of  Mr.  WiUard. 
equal  lift  with  that  of  the  navigable  pass  could  be  put  in  at  no  greater 
cost,  and  jirobably  with  considerable  gain  in  speed  of  maneuvering. 
This  form  should  allow  (considerable  overfall. 

However,  the  bear-trap  forms,  in  spite  of  the  great  base  required, 
and  of  the  many  objections  raised  against  them,  seem  to  be  gaining 
friends,  and  are  not  unlikely  to  be  used  on  a  large  scale.  The  idea  of 
maneuvering  a  dam  by  the  power  of  the  stream  itself,  holding  its  crest 
at  any  height  desired,  or  making  almost  an  open  river  by  the  turn  of  a 
hand- wheel,  is  exceedingly  tempting.  Lumbermen  have  built  many 
of  dili'erent  forms  that  have  not  been  exjiensive  or  failures,  and  it  is 
not  beyond  the  skill  of  engineers  to  develop  practical  forms  and  to 
deduce  trustworthy  formulas  for  them  under  all  conditions. 

Unequal  distribution  of  water  pressures,  and  not  merely  improjjer 
proportioning  of  moving  parts,  seem  to  be  the  chief  troubles,  and  the 
writer  thinks  he  has  solved  the  problem  somewhat  after  the  method  of 
Major  Marshall  in  his  last  improvement  on  the  original  bear-trai^,  and 
is  glad  to  agree  Avith  him  in  believing  that  the  simplest  forms  are  the 
best  to  be  worked  at. 

The  Lang  gate,  though  held  to  be  a  step  backward  on  account  of 
the  idler,  requires  correct  proportions  only  to  insure  its  working  under 
all  conditions.  Gates  forming  inclosed  chambers  demand  the  most 
careful  machining  to  insure  the  jDarallelism  of  four  axes,  and  slight 
wearing  or  shock  may  cause  them  to  bind  aud  stick,  and,  perhaps,  tear 
out  from  their  foundations.  The  inclosed  forms,  however,  of  which 
the  Girard  or  Parker  reversed  seem  most  desirable,  would  probably  be 
more  efficient  with  respect  to  ratios  of  lift  and  base. 

The  writer  feels  that  bear-traps  are  indicated  for  streams  of  great 
range  between  high  and  low-water  discharge  or  of  great  sensitiveness, 
and  the  question  of  sedimentary  deposit  within  or  without  seems  to  be 
of  little  moment,  being  a  difficulty  that  can  easily  be  overcome.  Prop- 
erly i>roportioned  and  sufficiently  strong  leaves  can  be  built  and  the 
water  pressures  made  reasonably  uniform;  but  the  way  to  do  it  is  not 
to  spend  too  much  time  on  little  models  or  differentials,  but  to  build 
one  form  or  another  as  thought  suited  to  the  conditions,  after  a  careful 
study  and  a  reasonable  amount  of  mathematical  discussion.  This 
is  i^ractically  what  Cai)tain  Chittenden  is  doing  at  dam  No.  1,  Osage 
River,  with  every  prospect  of  success. 

As  to  initial  head :  if  it  should  hap^jen  to  fail  at  certain  stages  of  back- 
water, or  be  insufficient  from  the  first,  any  simple  auxiliary  form  may  be 
used,  as  in  the  double-shutter  dams,  to  be  dropped  and  secured  afterward. 

The  writer  would  favor  the  use  of  compressed  air,  which  should  be 
admitted  into  self-discharging  pockets  of  the  main  moving  leaf;  the  air 
being  compressed  by  turbine  i^ower  or  by  inexpensive  hot-air  or  coal-oil 
engines,  such  as  are  being  installed  on  some  of  the  new  fortifications. 
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Mr.  Fuertes.  James  H.  Fuertes,  M.  Am.  Soc.  C.  E. — This  paper,  in  whichi  the 
author  so  thoroughly  discusses  the  various  types  of  movable  dams 
in  use  in  this  country  and  abroad,  cannot  fail  to  be  of  practical  utility 
by  bringing  out  many  of  the  valuable  attributes  of  the  movable  dam 
which  are  at  present  but  little  appreciated. 

The  great  obstacle  to  the  more  frequent  use  of  these  contrivances 
has  been  their  expense,  as  compared  with  stationary  dams.  As  the 
author  has  pointed  out,  however,  the  fact  that  their  crests  may  be 
brought  to  a  higher  level  relative  to  the  extreme  danger  flood  height, 
indicates  that  their  use  may,  in  certain  locations,  permit  the  construc- 
tion of  fewer  dams  in  a  given  Avater  course  than  would  be  i^ossible 
with  fixed  dams;  and  although  the  individual  movable  dams  may  cost 
more  than  the  individual  fixed  dams,  the  total  cost  of  the  series  might 
not  be  much  more  with  one  type  than  with  the  other. 

In  addition  to  the  requirements  that  a  movable  dam  should  fulfill, 
as  enumerated  by  the  author,  it  might  not  be  out  of  place  to  add  that 
it  is  desirable  that  the  form  of  construction  should  permit  the  opening 
of  the  dam  at  different  points  in  its  length  simultaneously;  that  its 
character  should  be  such  as  to  jjermit  the  passage  of  sudden  floods; 
that  in  special  locations,  where  damage  from  drift-wood  or  ice  is  to  be 
apprehended,  the  form  of  dam  should  be  such  as  to  pass  the  floating 
masses  with  the  minimum  risk  to  the  structure;  and,  that  under  cer- 
tain conditions,  in  a  cold  climate,  it  should  be  possible  to  operate  the 
dam  when  the  pool  is  covered  with  thick  ice.  Further,  leaving  out  the 
question  of  the  topography  and  the  physical  characteristics  of  the 
location,  two  additional  elements  must  be  considered;  these  are  the 
original  cost  of  the  dam,  and  the  cost  of  maintenance  and  operation. 

Needle  dams  cost  less  than  any  other  form  of  movable  dam  at 
present  in  use,  but  in  point  of  operation  they  are  more  expensive 
than  some  of  the  other  forms.  Under  some  conditions  it  is  j^robable 
that  the  anniial  expense,  including  interest,  sinking  fund  charges  and 
cost  of  operation,  may  be  higher  for  the  needle  dam  than  for  some 
others,  which  cost  more  for  installation.  The  writer,  in  these  remarks, 
does  not  presume  to  imply  a  criticism  on  the  form  of  dam  chosen  for 
the  Big  Sandy  River,  at  Louisa. 

Reliable  figures  regarding  the  cost  of  oi)erating  movable  dams  are 
leather  difiicult  to  obtain,  and  the  writer  hopes  that  in  this  discussion, 
much  information  of  this  kind  may  be  brought  out  by  those  who  have 
had  experience  with  difi'erent  forms. 

On  page  432  the  author  calls  attention  to  the  fact  that  there  are.  to 
his  knowledge,  no  dams  constructed  wholly  of  needles  except  the  one 
in  this  country.  The  reason  for  this  is  that  it  has  been  recognized  in 
European  exijcrieuce,  that  it  is  very  difficult  to  make  a  passage-way 
for  floods  through  needle  dams  in  a  short  enough  period  of  time  to 
give  relief.     This  would  l)e  i^articularly  true  in  flashy  streams.     For 
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this  reason,  generally,  the  weir  will  be  founil  to  be  of  some  form  per-  Mr.  Fuertes. 
mitting  the  water  to  flow  over  the  top  edge;  such  as  the  Chanoine 
wicket  and  its  moditications,  or  the  Desfontaines,  the  Girard,  or  The- 
nard  weirs,  or  the  Boule  gates.  M.  Poiree  recognized  the  dangers  from 
floating  bodies  and  ice  to  such  an  extent  that  it  was  his  practice  to 
provide  large  and  ample  weirs  at  each  of  his  dams  for  the  passage  of 
floating  bodies,  and  to  prevent  the  flooding  of  the  tops  of  the  needles 
and  trestles.  With  a  more  rigorous  climate  than  that  of  Kentucky,  it 
is  a  question  whether,  in  cold  winters,  considerable  trouble  would  not 
be  experienced  at  the  Louisa  dam. 

In  moderately  cold  weather  a  thin  skin  of  ice  will  form  on  the 
])ool.  With  the  rapid  rising  of  the  river,  due  to  a  sudden  thaw  or  to 
other  causes,  this  ice  will  break  loose  and  float  down  in  large  masses 
toward  the  dam.  If,  then,  the  needles  of  a  needle  dam  are  removed, 
the  velocity  of  the  water  will  increase,  and  the  cakes  of  ice  will  be 
carried  down  through  the  trestles,  or  may  pile  up  on  each  other  and  be 
difficult  of  removal.  Eventually  the  dam  may  be  entirely  taken  out,  but 
the  process  will  be  slow  and  attended  with  considerable  danger,  both  to 
the  operatives  and  to  the  structure.  If  the  cold  is  very  intense,  the  ice 
formed  above  the  dam  may  become  very  thick,  and  the  water  issuing 
between  the  needles  will  freeze,  not  only  on  the  down-stream  side,  but 
between  the  needles  themselves,  and  the  whole  dam  will  be  frozen  into 
a  solid  mass.  It  would  be  difficult  to  foresee  the  extent  of  the  possible 
damages  if  a  sudden  flood  should  come  down  the  valley  when  the  dam 
was  in  such  a  condition. 

One  reason  why  the  inconvenience  due  to  ice  has  not  been  given 
more  prominence  is  that  in  most  existing  cases  the  dams  serve  only 
to  aid  navigation,  which  is  closed  entirely  in  cold  weather,  and  conse- 
quently the  dams  are  frequently  knocked  down  completely  at  the  close 
of  the  season  of  navigation.  When,  however,  the  limits  of  the  fluctua- 
tions of  the  surface  of  the  water,  from  periods  of  drought  to  periods 
of  extreme  floods,  must  be  kept  between  fixed  points  throughout  the 
year  for  the  development  of  power,  the  storage  of  water,  or  for  other 
purposes,  then  the  necessity  of  jjroviding  for  the  passage  of  ice  and 
floating  bodies  will  have  a  great  influence  on  the  determination  of  the 
type  of  dam  to  be  used.  The  author  admits  that  at  Louisa,  it  would 
have  been  better  had  another  form  of  dam  been  used  for  the  weir. 

Undoubtedly,  the  Poiree  dam,  particularly  with  the  improvements 
suggested  by  the  author,  is  simple,  convenient  and  practical.  It 
has  been  severely  tested,  and,  although  the  oldest  successful  form  of 
movable  dam  in  use,  it  is  still  unquestionably  the  best  for  many  situa- 
tions. It  is  cheap  and  tight,  and,  for  channels  which  do  not  require  to 
be  opened  with  great  raj^idity,  pre-eminently  suitable. 

The  idea  advanced  on  i^age  491,  describing  plans  the  author  has  under 
wav  for  a  high-lift  dam.  with  the  needles  on  the  down-stream  side  of 
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Mr.  Fiiertes.  the  trestle,  has  many  points  deserving  commendation.  This  form  of 
dam  is,  however,  open  to  the  same  objections  which  api)ly  to  every 
needle  dam  where  ice  is  to  be  expected.  Where  trouble  from  ice  is  not 
anticipated,  it  would  unquestionably  be  an  improvement  on  the  older 
type 

The  very  expensive  system  of  movable  dams,  consisting  of  the  fixed 
overhead-bridge  serving  to  retain  the  upper  ends  of  the  elements  of 
the  dam,  will  probably  find  its  greatest  usefulness  in  swift  rivers, 
which  in  time  of  floods  roll  large  boulders  an  1  great  quantities  of 
gravel  along  their  beds.  The  effect  of  this  would  in  time  tend  to 
destroy  the  trestles  and  other  parts  of  dams  which  are  lowered  to  the 
bed  of  the  stream.  In  fact,  even  in  such  locations,  their  great  expense 
would  confine  their  applicability  to  the  navigable  passes.  Dams 
suspended  to  overhead-bridges  have  one  great  advantage  in  the 
fact  that  they  may  be  so  arranged  as  to  allow  ice  fields  and  large 
masses  of  drift  wood  to  pass  through  them  without  injury  to  the 
structure.  This  is  done  at  the  dam  on  the  Seine  at  Poses,  where,  by 
slightly  raising  the  stanchions  against  which  the  curtains  roll,  their 
bottoms  are  disengaged  from  the  sill,  and  the  whole  section  of  the 
dam,  or  as  much  of  it  as  may  be  desired,  is  allowed  to  swing  down 
stream  hanging  from  the  bridge,  thus  permitting  the  floating  matter  to 
escape. 

The  dam  at  Poses,  consisting  of  seven  spans,  as  the  author  has  de- 
scribed, is  so  arranged  that  two  of  these  spans  can  be  removed  and  all 
the  overhead  works  drawn  up,  to  permit  boats  to  pass  at  high  water. 
At  one  side  of  this  dam  lies,  first,  a  large  lock,  then  a  relief  channel 
with  Poiree  needles,  and  then  a  small  lock  for  light  traffic.  All  the 
power  for  operating  the  movable  weirs,  lighting  the  premises,  etc.,  is 
derived  from  a  turbine  wheel,  located  at  the  end  of  the  overflow  weir, 
at  which  there  is,  when  the  pool  is  full,  an  effective  head  of  13  ft.,  with 
a  minimum  of  a  little  over  3  ft.  when  the  dam  is  entirely  removed. 
The  power  from  this  turbine  is  converted  into  electrical  energy  by  a 
dynamo,  and  is  stored  in  a  large  accumulator  plant,  from  which  it  is 
drawn  as  required.  The  curtains  closing  the  dam  are  raised  by  4 
electric  cranes,  each  of  which  can  be  handled  by  one  man. 

The  author's  criticism  of  the  curtain  of  M.  Camere  seems,  to  the 
writer,  to  be  in  some  respects  unfounded.  The  curtains,  at  the  dam 
at  Poses,  are  7.4  ft.  in  width.  They  are  juade  of  yellow  pine,  treated 
with  a  preservative,  and  vary  from  about  2',  to  3  ins.  in  thickness. 
They  are  both  durable  and  serviceable.  One  curtain  that  the  writer 
saw  laid  out  for  repairs  had  been  in  use  for  10  years,  and  there  was 
bat  one  ribbon  which  needed  replacing.  The  author's  criticism  of  the 
Camere  curtain,  on  account  of  its  weight,  is  misleading.  The  weight 
of  the  needles  at  the  Louisa  dam,  to  fill  a  space  equal  to  that  covered 
by  one  Camere  curtain  at  the  Poses  dam,  is  just  about  the  same  as  the 
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weif^bt  of  the  curtaiu.  while  there  is  very  little  difference  iu  the  lift  at  Mr.  Fuertes. 

these  two  dams.     In  locations  where  jjower  is  available  or  necessary 

for  the  manenvering  of  the  dam,  it  would  certainly  be  economy  to  be 

able  to  remove  as  much  of  the  dam  at  a  time  as  possible,  and  in  such 

places  the  Camere  curtain  would  possess  merits.     In  waters  which  run 

clear  throughout  the  year,  such  as  the  Rhone  as  it  leaves  the  Lake  of 

Geneva,  there  will  be  no  cause  to  fear  that  the  spaces  between  the  bars 

of  the  curtains  would  become  tilled  with  debris  in   rolling  them   up. 

For  such  locations  the  Camere  curtain  is  undoubtedly  applicable;  iu 

fact  it  is  at  present  in  use  there. 

It  may,  at  times,  be  of  advantage  to  be  able  to  discharge  floods  from 
the  bottom,  instead  of  from  the  top,  of  the  dam.  In  the  winter,  when 
the  ice  is  thick  on  the  pool,  a  dam  of  needles  or  Boule  gates  might  be 
u.nwieldy,  when,  under  similar  conditions,  the  Camere  curtain  could 
be  rolled  up  from  the  bottom  with  comparative  ease,  and  without 
danger,  either  to  the  operatives  or  to  the  structure.  The  danger  to 
foundations,  urged  by  the  author  against  the  Camere  curtain,  due  to 
the  great  velocity  of  efflux  of  the  Avater  from  the  bottom  of  the  open- 
ing, need  be  no  greater  than  would  result  from  the  overflow  of  the 
same  quantity  of  water  jier  unit  of  time,  from  the  crest  of  a  weir. 
Proper  constriictions  are  necessary  in  either  case,  and  in  any  event  the 
scouring  effect  when  the  curtain  is  rolled  uj)  would  be  identically  the 
same  as  would  result  from  the  same  width  of  opening  in  a  Poiree  dam 
of  equal  depth. 

The  author  advocates  the  use  of  wide  needles  handled  by  power, 
and  his  suggestion  has  much  to  recommend  it.  It  seems,  however, 
that  he  is  open  to  the  charge  of  inconsistency  when  he  condemns, 
so  harshly,  the  invention  of  M.  Camere  as  a  clumsy  device  with  no 
good  points,  on  the  ground  that  it  requires  mechanical  power  to 
operate  it. 

The  writer  considers  that  the  unit  used  by  the  author  in  giv- 
ing an  idea  of  the  comparative  cost  of  different  dams  is  not  satisfac- 
tory, on  the  ground  that  it  is  misleading.  Tavo  dams,  for  instance,  of 
the  same  length,  but  of  different  heights,  under  similar  conditions  as 
to  foundations  and  other  requirements,  would  have  different  costs  per 
linear  foot;  when  the  cost  is  given  in  this  way  it  is  very  essential  to 
state  also  the  height  of  the  dam.  This  unit  is,  however,  in  quite  gen- 
eral use  in  France,  where,  also,  the  cost  is  frequently  given  per  square 
meter  of  upright  surface  of  the  dam.  Neither  of  these  units  should  be 
used  without  stating  the  height  of  the  lift. 

The  cost  of  the  Louisa  dam,  viz.,  ^245.66  per  running  foot,  with  a 
lift  of  12  ft.,  is  quite  moderate  in  comparison  with  the  cost  of  many  of 
the  high-lift  dams  in  Europe.  There  are  no  needle  dams  in  use  which 
at  all  aijproximate  this  one  in  height  of  lift,  and,  therefore,  no  com- 
parisons of  cost  can  be  given.     The  cost   of  several  of  the  European 
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Mr.  Fuei-tes.  dams  is  stated  to  be  as  follows:*  On  the  Saone,  Avhen  the  average  lift 
is  7.54  ft.,  the  dams  for  the  navigable  passes,  with  Chanoine  wickets 
and  trestles,  cost  about  S244  per  foot.  The  weirs  with  Poiree  needles 
cost  about  .f  110  i^er  foot. 

Upon  the  Meuse  in  Ai'dennes,  the  average  lift  is  only  5.9  ft.,  and  the 
cost  of  the  needle  dam  about  .^97  per  foot. 

Upon  the  Belgian  Meuse,  the  Poiree  dams  on  the  navigable  passes, 
with  a  lift  of  about  8.2  ft.,  as  well  as  the  weirs  with  Chanoine  wickets 
and  trestles,  cost,  on  the  average,  ^152  jjer  foot. 

Upon  the  Marne,  the  Chanoine  wickets  and  trestles  in  the  navigable 
passes,  with  an  average  lift  of  approximately  6.6  ft.,  cost  about  §244 
per  foot.  The  weirs  with  Desfontaine's  drum  wickets,  having  a  lift  of 
3.3  ft.,  cost  about  $152  per  foot. 

The  average  cost  of  the  weirs  at  Suresnes,t  consisting  of  Boule  gates 
and  Camere  curtains,  with  a  lift  of  11  ft.,  was  about  §866  per  foot. 

The  dam  at  Poses,  with  a  normal  lift  of  13.7  ft.,  cost,  including 
very  elaborate  appurtenances,  upwards  of  ^1  7U0  2)er  running  foot.  This 
statement,  however,  is  somewhat  misleading,  and  it  should  be  ex- 
plained that  the  actual  cost  of  the  weirs,  the  bridges,  piers,  masonry, 
foundations,  etc.,  was  about  $975  per  foot;  and  the  balance  was  for 
the  accessory  works,  lands  and  power  plant. 

The  dam  designed  by  the  author,  described  on  page  562,  is  very 
simple  and  ingenious.  Some  of  the  disadvantages  that  could  be  urged 
against  it  are,  that  it  must  be  opened  always  from  one  end;  that  no 
section  could  be  lowered  until  all  those  away  from  it  on  one  side  were 
down  or  falling;  that  it  would  be  impossible  to  make  an  opening  in  it 
in  the  middle,  or  at  any  other  desirable  point  or  points.  It  would  also 
be  a  difficult  dam  to  maneuver  in  a  rising  river  carrying  much  drift- 
wood or  running  ice,  and  also  in  a  swift  river  rolling  boulders  and 
gravel  along  its  bed  during  freshets. 
Mr.  Maltby.  F-  B.  Maltby,  M.  Am.  Soc.  C.  E. — The  author  is  to  be  commended 
for  his  exhaustive  and  painstaking  care  in  the  treatment  of  the  sub- 
ject. Only  those  who  have  undertaken  the  complete  investigation  of 
a  subject  of  this  nature  can  appreciate  the  vast  amount  of  labor  re- 
quired in  the  preparation  of  such  a  paper. 

The  writer,  as  Assistant  Engineer  to  Captain  H.  M.  Chittenden, 
United  States  Engineers,  has  been  engaged  in  the  designing  of  the  de- 
tails for  the  drum  weir  to  be  built  in  the  Osage  River,  and  desires  to 
present  some  further  remarks  on  this  type  of  a  movable  dam. 

In  considering  the  project  for  the  construction  of  Lock  and  Dam 
No.  1  on  the  Osage  River,  a  dam  having  a  height  of  16  ft.  above  extreme 
low-water  was  fixed  upon  as  more  nearly  meeting  the  conditions  exist- 
ing and  required. 

*Guillemain,  "Navigation  Interieure." 
i  Boul6,  "  Le  Barrage  des  Suresnes." 
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The  necessity  for  the  adoptiou  of  a  movable  structure  arose  from  Mr.  Maltby. 
the  fact  that  to  avoid  the  floodinfjof  valuable  farm  land  the  high-water 
cross-section  at  this  point  should  be  contracted  as  little  as  possible.  It 
is  estimated  that  the  Hood  plane  above  a  fixed  dam  would  be  raised 
slightly  over  3  ft.  above  its  level  in  the  natiiral  conditions.  With  the 
proposed  structure  the  rise  in  the  flood  plane  will  be  less  than  1  ft. 
This  difference  of  2  ft.  in  flood  levels  would  submerge  a  very  consider- 
able acreage,  the  damage  to  which  would  amount  to  much  more  than 
the  cost  of  a  movable  dam  over  a  fixed  one. 

In  considering  the  type  of  movable  dam  to  be  built  the  following 
requirements  were  kept  in  mind ; 

(1)  The  movable  portion  should  be  caj^able  of  rapid  and  safe  mani- 
pulation under  the  adverse  conditions  of  a  rapidly  rising  river  filled 
with  drift  or  running  ice,  with  the  flood  arriving  ijractically  without 
wai-ning  and  at  any  time  of  day  or  night  and  possiV:)ly  during  a  severe 
storm  of  rain,  snow  or  sleet. 

(2)  It  should  be  possible  to  not  only  lower  it,  but  to  raise  it  under 
a  full  or  partial  head  of  water;  for  there  will  be  times  in  short  sudden 
rises  when  it  will  be  desirable  to  discharge  the  flood  without  lowering 
the  pool  above.  It  will  very  seldom  be  desirable  to  allow  the  pools  to 
come  to  the  same  level  except  diiring  extremely  high  floods. 

(3)  It  should  be  possible  to  lower  a  j^ortion  of  it  independently,  for 
})ool  regulation,  and  to  again  raise  it  against  the  head  between  the 
jjools. 

(4)  The  cost  should  be  kept  as  low  as  possible. 

These  rigid  requirements  cannot  be  met  by  the  ordinary  needle  or 
wicket  dams,  and  it  is  believed  that  all  the  above  conditions  are  fully 
met  in  the  design  proi:)osed.  The  proposed  dam  is  quite  fully  de- 
scribed by  the  author.  A  mathematical  discussion  by  Captain  Chit- 
tenden* and  a  discussion  of  the  strains  in  the  members  and  a  detailed 
estimate  of  costf  is  also  at  hand.  The  dam  consists  of  a  fixed  weir 
of  concrete  9  ft.  high,  with  a  movable  weir  of  structural  steel  sheeted 
with  wood,  having  a  vertical  lift  of  7  ft.  It  will  be  750  ft.  in  length, 
divided  into  10  sections  each  75  ft.  long.  The  sections  will  be  sepa- 
rated by  piers  10  ft.  wide  and  4  ft.  higher  than  the  crest  of  the  weir. 

These  joiers  contain  the  conduits  for  the  inlet  and  egress  of  water 
into  a  passage  below  the  movable  w  eir  and  also  the  valves  for  controlling 
the  flow.  The  valves  are  actuated  by  hydraulic  engines,  which  are  in 
turn  operated  by  a  small  pressure  pump  on  shore. 

Each  section  can  be  operated  independently  of  any  other,  and  the 
flow  over  the  dam  adjusted  to  a  nicety.  The  whole  dam  or  any 
number  of  sections  can  be  raised  or  lowered  by  one  man,  at  any  time 
and  under  any  conditions,  in  a  very  few  minutes  (except  when  the  dam 

*  Journal  of  the  Association  of  Engineerin;;  Societies,  Vol.  xvi,  p.  230. 
t  Report  of  Chief  of  Enginesr.s,  U.  S.  A..  189r,  p.  3956. 
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Mr.  Maltby.  is  drowned  out  by  back  water  from  the  Missouri  River  and  there  is 
no  head).  It  is  divided  into  independent  sections  by  piers  to  comply 
with  the  third  condition  mentioned  above.  In  a  narrow  river,  or  in  any 
position  where  individual  control  of  each  section  is  not  considered 
necessary,  the  piers  may  be  omitted  and  sections  of  any  convenient 
length  be  built  adjacent  to  each  other,  and  all  operated  from  one  con- 
duit beneath  them. 

Since  the  weir  is  self-contained  and  all  the  surfaces  maintain  their 
same  relative  positions,  the  ends  of  the  sections  may  be  closed,  thus 
permitting  movement  between  sections,  due  to  irregularity  in  time 
and  rate  of  falling  or  rising,  without  leakage.  The  length  of  a  weir 
under  these  conditions  is  only  limited  by  the  practical  limits  of  the 
size  of  the  conduits  supijlying  water  to  the  under  or  pressure  surface. 

Referring  to  Fig.  11,  it  will  be  seen  that  the  movable  portion  is  not 
only  self-contained,  but  of  rigid  construction  and  has  but  one  axis  of 
rotation.  The  practical  advantage  of  the  latter  point  will  be  apjjreci- 
ated  by  those  familiar  with  the  constructive  difficulties  in  building  a 
long  structure  with  four  parallel  axes,  as  shown  in  Fig.  7. 

There  are  no  angles  in  which  drift  can  lodge,  and  when  down,  the 
fixed  weir,  the  toj)  of  the  movable  weir  and  the  apron  form  a  smooth 
and  continuous  surface  with  no  projecting  obstructions  and  no  depres- 
sions which  may  be  filled  with  sand  or  gravel. 

The  cost  is  estimated  at  about  S120  000.  An  estimate  was  made  by 
a  former  engineer  for  a  Chanoine  wicket  dam  having  a  lift  1  ft.  less 
than  that  now  proposed,  amounting  to  !$182  500. 

The  above  amounts  show  a  very  considerable  difference  in  favor  of 
the  drum  weir,  in  addition  to  the  other  advantages  mentioned. 

A  model  of  the  proposed  dam,  of  full  size  in  section  and  10  ft.  long, 
with  water-ways  for  the  inlet  and  egress  of  water  to  a  chamber  propor- 
tioned in  size  to  the  length,  has  just  been  built.  It  is  enclosed  in  a 
tank  of  proper  size,  and  water  to  operate  it  is  furnished  by  a  Cameron 
pump  with  10-in.  suction.  It  has  been  oj^erated  under  conditions  as 
near  those  to  be  met  with  in  actual  practice  as  it  is  possible  to  produce. 
The  ojierations  have  been  most  satisfactory,  and  have  served  to  in- 
crease the  confidence  in  its  behavior  in  actual  service. 
Mr.  Hutton.  Wm.  R.  Hutton,  M.  Am.  Soc.  C.  E. — The  author  is  to  be  con- 
gratulated on  the  success  he  has  obtained  in  jilacing  the  "  needles  "  of 
his  dam  by  machinery,  the  laracticability  of  which  has  been  demon- 
strated by  a  year  of  operation. 

As  seen  in  France,  the  merit  of  the  "needle"  dam  seemed  to  the 
writer  to  consist  in  the  facility  with  which  the  maneuvering  of  the 
"needles"  was  executed,  the  lifts  all  being  low. 

The  needle  dams  on  the  Belgian  Meuse  are  too  unwieldy  to  be 
operated  except  in  case  of  necessity,  and  the  regulation  is  therefore 
accomplished  by  means  of  the  weir,  sj/steme  Chanoine. 
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Movable  clams  are  certainly  a  great  improvemeut  \iy>ou  fixed  clams  Mr.  Hutton. 
in  those   cases  Avhere  they  may  be  projjerly  applied;  but  there  are 
other  considerations  than  the  mere  matter  of  height  and,  in  a  degree,  of 
cost,  which  determine  their  application. 

On  the  Kanawha  improvement  the  movable  dams  are  plac^ed  where 
the  river  slope  is  less  than  1  ft.  to  the  mile.  Where  it  is  2  and  3  ft. 
to  the  mile,  fixed  dams  with  locks  of  15  ft.  lift  are  substituted.  Not 
cmly  would  the  movable  dams  on  this  part  of  the  river  be  too  close  for 
a  proper  economy,  but  the  duration  of  the  open  navigation  would  be 
considerably  less,  owing  to  the  greater  slope,  and  the  greater  velocity 
of  the  current  with  a  given  c|uantity  of  water  in  the  stream. 

The  author  seems  to  attach  iiudue  importance  to  thedejjth  of  water 
below  the  dam  as  att'eeting  its  strength.  When  the  water  below 
reaches  half  way  up  the  dam,  the  stresses  in  the  needle  bars  will  be 
I  as  gi-eat  as  if  there  were  none  below;  and  in  his  suggested  dam,  18 
ft.  high,  with  6  ft.  of  .water  on  the  lower  side,  the  pressure  of  the 
water  below  reduces  the  stresses  only  about  (3  per  cent. 

The  water  in  the  lower  pool  is  useful,  in  the  case  of  the  Chanoine 
wicket,  in  reducing  the  shock  of  its  fall,  and  similarly  with  the  released 
needles;  but  the  needles  and  the  wickets  must  be  computed  for  the 
water  pressure  against  tlic^ir  entire  length,  without  relief  from  the  lower 
pool. 

If  the  Pontoise  dam,  described  by  the  author,  is  excepted,  the  Big- 
Sandy  dam  is  the  highest  needle  dam  yet  constructed;  but  the  first 
Chanoine  dams  built  on  the  Kanawha  had  the  same  height  from  sill  to 
crest,  and  some  of  the  later  ones  are  said  to  be  still  higher. 

In  a  Chanoine  dam,  before  the  invention  of  the  Pasqueau  hurter, 
the  width  of  the  opening  (the  pass)  was  a  much  more  serious  considera- 
tion than  its  height.  In  France,  as  the  height  of  the  wicket  was  in- 
creased, the  width  of  the  jjass  was  reduced,  so  that  at  Port  a  I'Anglais 
on  the  Seine,  when  the  height  of  the  pool  was  made  12  ft.,  the  width  of 
the  pass  was  reduced  to  about  94  ft. 

The  first  two  dams  built  on  the  Kanawha,  Nos.  4  and  5,  are  13  ft. 
high,  and  the  passes  are  more  than  2.1  times  the  width  of  the  Port  a 
I'Anglais  pass,  or  about  248  ft.  With  this  great  width  it  was  neces- 
sary that  the  tripping  bar  should  throw  two  wickets  by  each  of  its  first 
four  movements. 

The  only  experience  then  to  be  had  was  that  of  the  French  engi- 
neers, Avhich  was  followed  as  nearly  as  possible  in  designing  the  trip- 
ping bars  and  machinery,  having  regard  to  the  much  greater  forces  to 
be  dealt  with.  In  other  respects,  where  the  results  of  observation  and 
experience  were  less  necessary,  departiires  were  made  from  French 
forms,  some  of  which  were  adopted  in  France  at  about  the  same  time. 

On  the  Kanawha  the  trestles  are  spaced  8  ft.  apart,  or  one  trestle  to 
every  two  wickets,  French  practice  having  placed  a  trestle  to  everv 


600  CORRESPONDENCE    ON    MOVABLE    DAMS. 

Mr.  Hutton.  wicket.  If  the  latter  method  had  been  found  indispensable,  some 
other  method  of  closure,  using  the  trestles  only,  would  have  been 
adopted,  as  it  seemed  inexcusable  to  fill  the  river  with  trestles  only  to 
operate  a  second  dam  below.  The  double  spacing  of  the  trestles  was 
rendered  jiracticable  by  carrying  the  winch  on  a  truck  with  three 
axles,  so  that  in  raising  an  intermediate  wicket  the  lateral  stress  was 
brought  upon  the  trestle  through  the  wheels  at  the  ends;  at  other 
times,  the  central  wheels  alone  transmitted  the  stress. 

An  interesting  feature  in  the  construction  of  the  foundations  of  the 
Port  Villez  dam  was  the  rubble  masonry  blocks  built  on  the  shore  and 
run  to  the  water  on  a  railway  truck.  The  French  masons  are  experts 
in  the  rare  art  of  building  rubble  masonry  solid,  and  their  engineers  in 
many  cases  prefer  blocks  of  rubble  masonry  to  blocks  of  concrete.  The 
truck  entering  the  water  until  the  block  was  sufficiently  submerged, 
afloat  came  over  it.  took  hold  of  the  clevis  built  into  the  block  and 
carried  it,  reduced  in  weight,  to  its  place  in  the  wall.  The  site  of  the 
pier  was  surrounded  with  these  blocks,  and  the  interior  Avas  filled  to 
the  upper  surface  with  concrete  dej^osited  through  the  water,  as  is 
common  in  France,  by  means  of  hinged  buckets,  opening  in  the  bottom. 
Mr.  Watt.  D.  A.  Watt,  Esq. — The  subject  of  the  paper  has,  as  yet,  scarcely  re- 
ceived the  attention  it  deserves.  Movable  dams  have  been  more  or  less 
on  trial  before  government  engineers  and  navigation  interests  since 
their  introduction  in  America,  but  their  great  cost  has  restricted  their 
number  and  confined  them  to  the  more  important  rivers.  The  appre- 
ciation in  which  they  are  held  abroad  is  shown  by  the  fact  that  they 
have  been  built  on  streams  where  the  combined  length  of  pass  and 
weir  was  scarcely  200  ft.,  and  while  their  use  may  never  become  as 
extended  in  America,  they  could  doubtless  be  constructed  in  many 
places  without  a  cost  greatly  in  excess  of  that  of  fixed  dams,  by  em- 
ploying high  lifts. 

Unfortunately  there  has  been  no  i^recedent  for  high  lifts  in  dams  of 
the  class  required  to  cope  with  the  sudden  floods  of  the  Ohio  Valley, 
where  the  first  movable  dams  have  been  built;  for  the  high-lift  dams  of 
Europe  are  on  rivers  of  slow  regimen.  There  is  a  great  difference, 
however,  between  the  little  dam  at  Basse ville  with  its  lift  of  S\  ft. 
and  which  could  be  practically  ojjerated  by  one  man,  and  the  great 
dam  at  Poses  with  its  complicated  machinery  and  its  lift  of  nearly  14 
ft. ;  yet  the  latter  dam  dvxriug  the  twelve  years  of  its  existence  is  said 
to  have  given  every  satisfaction,  and  its  unusual  height  saved  the 
construction  of  another  lock  and  dam  at  Ande,  6  miles  above. 

Why  the  same  success  could  not  be  attained  with  dams  for  swift 
rivers,  if  designed  with  proper  skill,  would  be  hard  to  say,  and  the  ex- 
periments recorded  by  the  author  show  that  many  of  the  objections 
hitherto  iirged  can  be  overcome.  The  advantage  of  high  lifts  as 
regards  cost  and  operation  cannot  be  questioned,  and  might  amount  to 
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a  saving  of  30%  over  the  cost  of  similar  dams  of  such  lifts  as  are  uow  Mr.  Watt, 
adopted. 

The  needle  dam  suggested  by  the  author,  with  wide-sjjau  trestles, 
"would  seem  well  suited  for  deep  passes,  more  so,  perhaps,  than  the 
Chanoine  system,  as  20-ft.  wickets  might  be  difficult  to  handle  in  a 
rapid  stream,  besides  being  more  expensive  than  a  similar  surface  of 
needles.  The  Chanoine  dam,  it  is  true,  has  the  advantage  of  each  part 
being  indei^endent  of  the  next,  but  the  same  result  could  probably  be 
secured  in  a  needle  dam  with  trestles  20  ft.  or  more  apart. 

The  "Thomas  "  trestle  dam  also  seems  a  very  practicable  combina- 
tion, and  a  dam  of  this  kind  could  be  operated  more  easily  and  safely 
than  any  present  standard  type,  except  the  bear-trap  or  the  drum 
wicket.  With  trestles  for  lifts  higher  than  that  shown,  the  writer  finds 
that  as  the  outlines  are  changed  to  suit  the  depth  of  channels  the  up- 
ward tension  on  the  masonry  begins  to  disappear,  until,  in  a  trestle 
for  a  depth  of  16  ft.  over  the  sill,  the  ri'sultant  jjressures  are  all  down- 
ward or  horizontal.  The  advantages  of  this  are,  of  course,  that  the 
heavy  anchorages  of  masonry  and  of  ironwork,  required  to  hold  down 
other  types  of  dam,  could  be  dispensed  with.  The  writer  would  sug- 
gest the  modification  of  placing  the  backs  of  the  channels  near  to- 
gether and  stiffening  the  up-stream  plate  with  an  angle  along  each 
edge  braced  to  the  channels;  in  other  words,  forming  an  ordinary 
trestle  with  a  24-in.  plate  suital)ly  attached. 

Akthxtr  M.  Bowman,  Esq. — The  only  bear-trap  dams  operating  sue-  Mr.  Bowman, 
cessfully  are  those  built  according  to  the  most  primitive  type,  having 
only  the  two  flat  leaves  tiirning  upon  two  fixed,  parallel,  horizontal 
axes,  the  lower  leaf  folding  under  the  itpper  one.  They  can  only  be 
said  to  have  been  a  success  in  short  s^jans,  not  exceeding  60  ft.  in 
length.  In  order  to  overcome  the  twisting  and  warping  action  so  de- 
structive to  these  flexible  gates,  the  idea  was  conceived  of  constructing 
a  dam  in  w-hich  the  deflection  of  the  gates,  for  a  given  distance,  could 
be  kept  well  within  the  limits  of  the  elastic  resistance  of  the  material 
used  in  its  construction.  It  is  attempted  to  accomplish  this  by  the 
stiffening  of  one  of  the  gates,  preferably  the  lower  one,  where  the 
principal  forces  act,  by  transverse  webs  or  girts,  in  a  direction  parallel 
to  the  axes,  by  which  means  it  is  believed  that  the  working  span  may 
be  increased  to  almost  any  desired  length.  The  dam  is  connected,  at 
either  end,  with  a  supply  of  water,  under  sufficient  head  to  accom- 
plish its  initial  movement  by  the  opening  of  valves.  When  these 
have  been  oijened,  admitting  the  water  under  the  gates,  the  force  of  the 
existing  head  will  V)e  immediately  transmitted  to  the  gate  at  the  end 
next  the  valves.  This  end  would  immediately  rise,  while  the  more  dis- 
tant portion  of  the  gate  would  remain  at  rest  until  the  necessary  lift- 
ing force  reached  it.  This  uniformly  varying  force  causes  a  curve  or 
wave  to  travel  along  the  crest  or  free  edge  of  the  gate  from  the  ends 
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Mr.  Bowman,  toward  tlie  middle.  The  more  flexible  the  gate,  the  more  apparent 
will  this  curve  or  wave  become,  and  the  more  injurious  will  be  its  eifect 
upon  the  structure  and  the  greater  its  tendency  to  lock  and  bind  in  its 
movement. 

The  calculations  for  deflection  have  been  based  ujjon  the  following 
considerations  :  -  To  cause  the  initial  movement  of  the  gates,  a  force 
slightly  in  excess  of  their  weight  must  be  applied.  When  the  valves, 
admitting  the  water  at  the  end,  have  been  opened,  the  head,  which  is 
a  maximum  at  the  ends  during  this  instant,  diminishes  uniformly 
toward  the  middle.  It  has  been  found  accordingly,  that  (assuming 
the  gate  to  be  a  cantilever  held  down  by  its  own  weight  so  that  at  a 
distance  of  50  ft.  from  its  end  the  gate  remains  at  rest  and  is  fixed) 
when  loaded  with  a  uniformly  varying  load  between  the  limits  of  zero 
at  the  fixed  end,  and  at  the  free  end,  an  amount  per  lineal  unit  equiv- 
alent to  the  head  necessary  to  cause  the  initial  movement  of  the  dam. 


Fig.  28. 

the  deflection  will  not  be  greater  than  1.839  ins.  for  a  length  of  50  ft., 
which  is  considered  to  be  within  the  limit  of  safety  to  the  structure. 
The  following  is  the  formula  for  the  deflection,  as  deduced  for  the 
foregoing  conditions  : 

19  pi' 


D  = 


120  EI 


from  which  the  above  deflection  of  1.839  ins.  was  determined.  An- 
other important  factor  in  eliminating  deflection  is  the  prevention  of 
leakage.  The  gates  should  be  made,  as  nearly  as  practicable,  abso- 
lutely water-tight  ;  thus  i-educing  the  loss  due  to  velocity-head  to  a 
minimum,  and  thereby  ensuring  a  maximum  pressure-head  and  its 
rapid  and  uniform  distribution  throughout  the  entire  length  of  the 
dam.  Accordingly,  by  thus  stifiening  the  gate  with  transverse  webs, 
and  also  by  making  the  dam  practically  watertight,  thereby  distribut- 
ing  the  pressure  more  rapidly  and   uniformly  throughout,  it  is  be- 
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lieved  that  the  deflection  will  become  inappreciable  and    the  wave  Mr.  Bowman, 
action  along  the  crest  so  supijressed  as  to  eliminate  all  injurious  flex- 
ibility and  allow  the  dam  to  be  extended  to  any  desired  length. 

The  following  is  a  mathematical  solution  of  the  jiroblem  of  deflec- 
tion as  determined  for  the  new  bear-trajj  dam  to  be  built  at  Dam  No. 
6,  on  the  Ohio  River,  near  Beaver,  Pa.  It  consists  of  three  sjmns  of 
120  ft.  each,  and  is  13  ft.  2  ins.  high,  with  a  width  of  base  equal  to 
39  ft.  6|  ins.  between  hinges;  the  ujjper  gate  being  20  ft.  8i|  ins.  and 
the  lower  27  ft.  in  width.  Fig.  28  demonstrates  the  determination  of 
these  dimensions  as  the  best  proportions  of  the  gates  for  a  ratio  of 
"1%  of  load  to  lifting  power. 

r=  lower  leaf  =  base  x  .6821; 

5^=  maximum  height  =  base   x  .33287; 


Fig.  2<1. 

X  =  upper  leaf  =  base  x  .5239. 

n  =  ratio  of  the  downward  water  pressure  or  load  to  the  ujjward 
pressure  or  lifting  power. 

In  continuing,  let  it  be  assumed  that  the  gates  are  lying  flat  upon 
the  river-bed,  that  the  weight  of  the  lower  gate  acts  along  the  line  of 
its  center  of  gravity,  and  that  an  additional  downward  jiressure,  equiv- 
alent to  the  actual  calculated  force  due  to  the  weight  of  the  upper 
gate  at  the  point  of  contact  of  the  two  gates,  acts  along  the  same  line. 
By  referring  to  Fig.  29  and  the  accompanying  table  of  forces  it  is 
found  that: 


{h,  -  h,) 


H,A,=pA,  (/'.-y)  ( 


2  /^ 

3  7/i2 
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Ml'.  Bowman. 
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Bowman. 


When 


and 


HA., 


H  =  p 


{hj_-k,) 
P         2 1     ' 


(Ii,  —  A,) 


{A,  +  2  A, 


3 

,  A  -  A 


a  -t-  /i  =  0 
H=0 


+ 


x-i  Li 


A,- A, 


+ 


_  10.5  X  207       13.0  X  577 
~       12.55        ^  X 

451  lbs.  per  lineal  foot  at  the  j^oint  of  contact  of  the  two  gates. 

451  X  27 


But,  451  lbs.  at  the  jjoint  of  contact  is  equivalent  to ^^ =  936.7 

lbs.  acting  along  the  line  of  the  center  of  gravity  for  each  lineal  foot 
of  dam.      With  an  equivalent  upward  water  j)ressure  (or  rather  a  water 

pressure  slightly  in  excess  of 
this  amount),  acting  uniformly 
over  each  foot  of  the  dam  at  the 
same  instant,  the  gates  would  rise 
without  showing  any  deflection. 
But,  since  all  flexible  gates  ex- 
hibit deflection,  it"  is  assumed 
that  the  lifting  force  decreases  in 
passing  from  the  end  toward  the 
middle  of  the  dam.  Forthepur- 
FiG.  31.  pose   of  the  calculation,  assume 

that  it  has  its  maximum  value  936. 7  lbs.  per  lineal  foot  or  78. 06  lbs.  per 
lineal  inch  at  the  end  and  diminishes  to  zero  at  a  distance  of  50  ft.  from 
the  end.  The  formula  for  deflection  can  then  be  deduced  as  follows: 
Let  p  =  pressure  per  lineal  inch  at  outer  end  of  cantilever. 
The  total  load  varies  uniformly  from  zero  at  the  fixed  end  to  p  at 
the  other  end. 

Take  a  section  A  B  (Fig.  31)  anywhere  in  the  cantilever  distant  x 
inches  from  the  end;  let  Z  =  the  span  in  inches.  Then  since  the  load  per 
lineal  inch  at  any  point  is  proportional  to  its  distance  from  the  fixed 

(/ x) 

end,  the  pressure  per  lineal  inch  at  A  B  =  p  - — - — .  Now,  to  deter- 
mine the  bending  moment  at  any  section  A  B,  consider  the  portion 
of  the  beam  to  the  right  of  the  section  ;  the  only  force  acting  upon  this 
part  of  the  beam  is  the  portion  of  the  uniformly  varying  load  lying  to 
the  right  of  the  section  and  is 


p  X 
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The  bending  moment  Mr.  Bowman. 

,,  X  {  I  —  X\  X        X 

1         ,        1       x'' 


h'('--f,) 


Now,  the  equation  to  the  beam  from  which  the  deflection  is  deter- 
mined is 

ME 
I  ~  r 
Where  M  ^  bending  moment. 
I  =  moment  of  inertia. 
E  =  modulus  of  elasticity, 
r    =  radius  of  curvature. 
From  calculus  it  is  known  that 


i^^mr 


d  x'^ 
where  the  curve  is  referred  to  rectangular  axes  and  x  and  3/  are  the 
co-ordinates  of  any  point  on  the  curve. 
Hence  : 

r       ds^  M 


but  for  ti  max. 
and,  therefore, 
therefore, 

but  when 
therefore. 


d  \j 
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/  Vl2       60/^    4  ./ 


2  E 


y  max.  = 

but  when  3/  is  a  maximum  .<•  =  /. 
Therefore, 

^^^^•  =  2^^Al'2-60  +  4; 

"  2  A"  /  ^      60 

19  p  /* 
'^  120  A  /■ 

Now,  to  determine  the  moments  of  inertia  of  the  stiffening  girts  or 
the  value  of  J,: 

12""  " 


From  Fig.  32    /: 

For  Girt  No.  1: 


12 


12 


Far  Girt  No.  2  : 


For  Girt  Xo.  3 . 


For  Girt  No.  4 : 


For  Girt  No.  5. 


2  angles  3"  X  3"  x  f " 
1  web  pi.  19i^"   X  V 
/i  =  496.8. 

4  angles  4"  x  3"  x  | " 

1  web  pi.  Se-A- "  X  I" 

2  cover  pi.  8f"  x  |" 
/,  =  6  515. 

4  angles  5"  X  3"   X  i" 

1  web  pi.  48"   X  i" 

2  cover  pis.  10| "   x  f " 
/j  =  15  226. 

4  angles  4"  x  3'   x  t" 

1  web  pi.  35it"  X  I" 

2  cover  pis.  8g"  X  |" 
/^  =  6  408. 


h     h,    hi 


m 


Fig.  32. 


4  angles  3"  x  3"   x  %" 

1  web  pi.  20 J"   X  '," 

2  cover  pis.  6',  "   x  %" 
/,  =  1  379.6. 

7,  is  equal  to  the  sum  of  the  moments  of  inertia  of  all  the  girts. 

/.  =  7,  +  /,  +  /,  -f-  y,  +  7, 

=  30  025.4 
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By  adding  them  together  it  is  assumed  that  they  act  simultaueously  Mr.  Bowman, 
at  the  line  of  the  center  of  gravity  of  the  lower  gate,  and  that  the 
girders  swinging  on  the  hinges  are  jjerfectly  stiff  and  act  without  de- 
flection. 

E,  the  modulus  of  elasticity,  depends  upon  the  material,  and  for 
steel  is  taken  at  29  000  000. 

Hence,  referring  to   the  formula  for  deflection   and   substituting 
values  for  symbols: — 

19  p  I' 


y  max.  = 

=  1.8396  ins. 


120  E  I 

19  X  78.06  X  600* 


120  X  29000000  X  30025 

With  so  small  a  deflection  it  may  be  concluded  that  the  objection- 
able tendency,  in  a  long  gate,  of  warping  and  twisting,  has  been  prac- 
tically removed,  and  that  with  proper  handling  its  crest  will  easily  rise 
uniformly  from  end  to  end. 

B.  F.  Thomas,  M.  xA.m.  Soc.  C.  E. — In  closing,  the  author  desires  to  Mr.  Thomas, 
exjjress  his  gratification  at  the  reception  given  to  his  efforts,  both  in 
the  discussion  and  in  private  letters  from  engineer  officers  and  civil 
engineers,  and  to  cordially  thank  those  who,  whether  members  of  this 
Society  or  otherwise,  have  contributed  to  the  literature  upon  the  sub- 
ject of  movable  dams  in  this  discussion,  and  who  have,  with  gentle 
hand,  pointed  out  a  few  of  the  author's  errors  of  statement  and  omis- 
sions of  facts,  apparently  well  known  to  those  engineers  whose  metro- 
politan surroundings  have  enabled  them  to  keep  posted  on  all  new 
ideas  and  improvements. 

The  account  given  by  the  author  was  only  intended  as  a  resume,  in 
so  far  as  it  treated  of  other  dams  than  that  built  by  him  at  Louisa, 
and  most  of  the  information  therein  given  was  comjiiled  from  foreign 
publications  of  no  very  recent  date.  This  has  led  to  some  errors  which 
are  corrected  by  Mr.  Yernon-Harcourt  in  his  discussion.  It  was 
hoped  that  the  paper  might  stimulate  those  in  actual  charge  of  dam 
construction  and  students  and  observers  of  the  same  to  further 
remarks  which  would  be  of  value  to  the  profession.  While  it  has  failed 
to  elicit  anything  from  those  in  immediate  charge  of  movable  dam 
construction  in  America,  it  has  brought  forth  vahiable  information 
and  suggestions  from  those  who  have  studied  the  subject  and  those 
who  have  observed  the  pi'actical  working  of  movable  dams  in  Europe 
and  in  the  United  States. 

The  author  confesses  to  disappointment  that  the  idea  dwelt  upon 
in  the  paper  to  the  exclusion  of  all  others,  that,  in  future,  dams  should 
be  built  of  higher  lift  than  heretofore,  has  not  been  more  fully  dis- 
cussed. It  is  of  vital  importance  to  secure  for  a  dam  every  available 
inch  of  height,  in  order  to  lessen  the  number  of  locks  to  be  passed  and 
decrease  the  aggregate  cost  of  improvements,  and  this  feature  should 


610  CORRESPONDENCE   ON   MOVABLE    DAMS. 

Mr.  Thomas,  receive  the  most  thorough  investigation  and  study  by  engineers.  The 
type  of  dam,  while  of  great  importance,  is  secondary  to  the  height 
which  can  be  given  to  it. 

Some  of  the  discussions  will  now  be  briefly  touched  upon,  after 
which  will  be  given  a  shoi-t  description  of  the  new  method  of  simul- 
taneously placing  the  large  needles  in  the  Louisa  dam,  which  has  been 
in  successful  operation  since  January  12th,  1898,  and  which  has  ren- 
dered it  possible  to  apply  needles  of  any  desired  dimensions  to  dams  on 
rivers  of  great  widths. 

Mr.  Vernon-Harcourt's  remarks  are  valuable  as  coming  from  a 
gentleman  of  wide  opportunity  for  observation  of  the  actual  working 
of  movable  dams,  as  well  as  an  author  of  undoubted  ability,  and  the 
author  is  grateful  for  his  correction  of  a  statement  in  regard  to  the 
Krantz  dam,  which  statement  was  made  upon  the  authority  of  a  French 
treatise  on  river  improvement  published  about  1875.  The  author  had 
noticed  that  in  the  later  descriptions  of  the  Port  Villez  dam  no 
mention  was  made  of  the  Krantz  weir,  but  he  had  no  idea  of  the  aban- 
donment of  the  work. 

The  author  had  read  the  descrii^tion  of  Indian  weirs  by  M.  Buck- 
ley, mentioned  by  Mr.  Vernon-Harcourt,  and  was  aware  of  the  adop- 
tion of  the  hydraulic  brake  for  regulating  the  rise  of  the  Thenard 
counter  shutter,  but  he  had  been  informed  that,  even  with  this  con- 
trivance, the  chains  would  now  and  then  give  way  through  the  failure 
of  the  brake  to  act  or  for  unknown  cause.  As  to  the  drum  weirs  of  the 
river  Main  the  author  had  very  meager  information,  and  even  that 
seems  to  have  been  incorrect.  To  those  desiring  to  study  this  form  of 
weir,  reference  is  made  to  the  papers  mentioned  in  Mr.  Vernon-Har- 
court's discussion,  and  to  M.  Timonoff's  work  upon  the  subject  of 
drum  weirs  published  in  the  Russian  language  at  St.  Petersburg. 

The  statement  by  Mr.  Vernon-Harcourt  that  "sliding  panels  are 
more  readily  put  in  place  or  removed,  and  serve  better  than  heavy 
needles  for  adjusting  the  water  level  above  the  dam  "  will  have  to  be 
modified  somewhat  since  the  successful  adoption  of  the  plan  for  plac- 
ing the  needles  simultaneously.  The  panels  are,  undoubtedly,  Avell 
adapted  to  pool  regulation,  but  the  spans  of  the  trestles  must  be  so 
narrow  that  the  spaces  will  not  permit  the  passage  of  drift-wood  after 
the  planks  have  been  taken  out.  Again,  the  maneuvers  would  be  en- 
tirely too  slow  for  a  river  which  rises  as  rapidly  as  most  American 
streams. 

Most  of  those  forms  of  dam  which  must  of  necessity  be  put  in  and 
taken  out  very  slowly,  such  as  Boule  gates,  Camere  curtains,  etc., 
cannot  be  considered  for  streams  similar  to  the  Big  Sandy,  which 
carries  drift  on  all  rises,  but  may  well  be  adopted  on  European  rivers 
which  rise  quite  slowly  and  carry  very  little,  if  any,  debris.  The 
wide  spacing  of  the  trestles  will  overcome  the  objection  often  raised 
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agaiust  their  use  in  both  wicket  and  needle  dams,  and  accidents  simi-  Mr.  Thomas, 
lar  to  that  at  Davis  Island,  wherein  the  trestles  were  destroyed  by 
drift  piling  up  against  them,  would  probably  be  impossible,  or  at 
least  imi)robable.  There  is  no  difficulty  whatever  in  making  the  spans 
20  ft.  and  it  would  be  very  difficult  to  destroy  the  trestles  for  such 
spans  because  they  would,  of  necessity,  be  very  strong.  Drift,  in  such 
quantities  as  to  prevent  the  complete  lowering  of  the  dam,  would  rarely 
accumulate  in  spans  of  that  width. 

The  statement  that  "  where  large  masses  of  drift  are  carried  down, 
and  sudden  floods  occur,  a  wicket  dam  without  a  foot-bridge  woiild 
I^rovide  the  most  convenient  dam,  especially  if  furnished  with  im- 
proved tripping  arrangements  "  is  at  variance  with  experience  in  the 
United  States.  The  drift  permeates  everything  and  blocks  the  lower- 
ing by  becoming  entangled  in  the  horses  of  the  wickets.  As  soon  as  a 
few  wickets  have  been  lowei-ed  the  drift  rushes  through  the  opening, 
only  to  return  below  the  part  yet  standing  and  get  in  the  way.  If 
small-section  dams,  such  as  wickets,  gates,  needles,  etc.,  are  to  be  put 
in  on  the  jjasses,  one  of  the  weirs  should  be  provided  with  a  drum, 
bear-trap  or  other  contrivance,  not  operated  in  sections,  but  as  a 
whole,  through  which  the  drift  and  surplus  water  may  be  passed  until 
it  is  time  to  begin  opening  the  pass,  which  time  will  not  arrive  until 
the  head  between  the  pools  has  been  materially  reduced  by  the  fall 
of  water  above  and  the  rise  below  the  dam. 

Mr.  Fuertes  states  that  "  it  is  desirable  that  the  form  of  construction 
should  permit  the  opening  of  the  dam  at  diflferent  j^oints  in  its  length 
simultaneously."  Wicket  dams  fully  answer  this  requirement,  and 
yet  the  author  has  never  known  one  to  be  opened  except  continuously 
from  one  end.  His  statement,  that  the  operation  of  needle  dams  is 
more  expensive  than  some  of  the  other  forms,  is  open  to  question.  The 
Louisa  dam  requires  only  three  men,  while  the  wicket  dams  of  the 
Great  Kanawha  and  Ohio  employ  from  six  to  eight  men  in  operating. 
Excepting  dams  which  are  operated  by  the  force  of  the  water,  of  which 
there  are  few  on  navigable  rivers,  it  is  doubtful  if  a  more  economically 
operated  dam  could  be  found  than  the  needle  dam.  Considering  the 
amount  and  character  of  the  commerce,  the  operation  of  the  Kanawha 
wicket  dams  is  carried  on  at  a  remarkably  low  cost — about  ^2  500  per 
annum  each.  Even  the  fixed  dams  on  the  same  river  and  on  many 
other  rivers  cost  more,  and  some  of  them  more  than  twice  that  amount. 

The  cost  of  operating  the  Louisa  dam  will  average  about  $2  200 
per  annum,  which  includes  gauge  observers  at  up-river  points, 
telephone  rent,  telegrams,  lights,  ordinary  repairs,  etc.  This  will 
be  still  further  decreased  upon  the  completion  of  the  system,  as  then 
it  will  only  be  necessai-y  to  keep  the  third  man  diiring  the  low-water 
season,  probably,  and  the  expense  of  the  telephone  and  gauge-reading 
service  will  be  apportioned. 
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Mr.  Thomas.  Mr.  Fuertes  states  that  "  it  has  been  recognized  in  Euroi^ean  ex- 
perience that  it  is  very  difficult  to  make  a  iiassageAvay  for  floods 
through  needle  dams  in  a  short  enough  time  to  give  relief. "  There 
is  not  in  existence  a  small-section  dam  (wickets,  gates,  etc.)  which 
can  be  oj^ened  with  an  approach  to  the  speed  attained  at  the  Big 
Sandy  needle  dam.  The  time  for  removing  the  needles,  as  well  as  for 
placing  them  after  they  are  made  ready,  is  now  measured  in  seconds, 
not  minutes  or  hours.  The  weir,  140  ft.  long  and  7  ft.  high,  has  been 
opened  in  58  seconds;  the  pass,  130  ft.  long  and  13  ft.  high,  has  been 
put  in  place,  after  the  needles  have  been  taken  from  the  water  and 
set  up  on  the  shelves,  in  10  seconds. 

Mr.  Fuertes  has  j^ointed  out  the  danger  from  ice,  and  there  is  no 
doubt  that  this  is  a  great  enemy  to  movable  dams  of  any  form,  and 
l^articularly  to  those  built  of  small  sections  and  requiring  extraneous 
jsower  for  their  operation.  The  remedy,  so  far,  applied  both  in 
America  and  Europe,  is  to  lower  the  dams  upon  the  approach  of 
rigorous  weather,  but  this  often  causes  considerable  loss  and  incon- 
venience to  those  having  loaded  craft  in  the  pools,  as  such  craft 
become  stranded  and  often  ruined,  and  their  cargoes  a  total  loss. 
This  is  particularly  noticeable  in  the  destruction  of  coal  flats  and 
barges  loaded  during  the  summer  with  the  expectation  of  getting  out 
before  cold  weather,  and  held  in  the  pools  awaiting  a  rise  below  the 
system  of  dams. 

With  needle  dams  a  remedy  might  be  applied,  which  would  work 
in  all  cases  except  those  where  unusually  heavy  ice  had  formed,  and 
that  is  the  system  of  wide-span  trestles  with  the  needles  on  the  down- 
stream side,  mentioned  in  the  pajier.  The  needles  could  be  readily 
released  and  saved;  the  question  of  danger  and  injury  comes  when 
the  lowering  of  the  trestles  is  undertaken. 

The  author's  criticism  of  the  curtain  dam,  noted  by  Mr.  Fuertes, 
had  particular  reference  to  its  use,  as  at  Port  Villez,  in  connection 
with  trestles.  At  Poses  it  can  well  be  used,  as  nothing  has  to  be 
carted  ashore,  but  even  there  the  objection  of  opening  from  the  bot- 
tom applies.  In  addition  to  the  objections  thereto  noted  by  the 
author,  but  first  mentioned  by  one  of  the  most  eminent  engineers  of 
France,  is  the  one  that  the  curtains  roll  up  unevenly,  and  become 
jammed  against  each  other  or  against  the  trestles.  This  was  obviated 
at  Suresnes  by  M.  Boule  by  placing  them  only  on  alternate  bays,  and 
using  his  sliding  gates  for  the  intermediate  spaces. 

Its  weight  would  be  much  less  objectionable  were  it  a  solid  gate 
which  could  be  permitted  to  fall  and  float  up  like  so  many  connected 
needles.  Of  course,  for  the  bridge  dam  at  Poses,  the  weight  is  not  a 
serious  obstacle.  It  is  not  the  necessity  for  using  mechanical  power 
for  operating  the  curtain  that  condemns  it,  when  compared  with  wide 
needles,  but  the  necessity  of  running  it  ashore  then  and  there  while 
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engaged  in  opening  the  clam,  before  another  curtain  can  be  raised.  Mr.  Thomas. 
Needles  are  secured  beforehand,  and  no    attention  need  be  paid  to 
them,  after  being  once  removed,  until  the  whole  dam  is  out  of  the 
way. 

The  curtain  dam  was  not  condemned  by  the  author  "on  the  ground 
that  it  requires  mechanical  power  to  operate  it,"  and  he  cannot  be 
charged  with  inconsistency,  as  stated  by  Mr.  Fuertes,  in  advocating 
the  use  of  wide  needles  manipulated  by  power. 

Mr.  Huttou  has  called  attention  to  the  small  eifect  of  the  back- 
water in  reducing  the  stresses  in  the  needles.  As  stated  by  him,  all 
dams  should  be  designed  with  the  view  that  at  some  time  there  might 
be  no  back  pressure,  for  instance,  in  making  repairs  to  the  apron, 
etc.  The  Kanawha  dams  have  the  same  total  height  as  the  Louisa 
dam,  13  ft. ,  but  much  less  head.  Dam  No.  6,  Ohio  River,  upon  which 
the  author  is  now  engaged,  will  have  a  height  of  13  ft.  2  ins.,  and  will 
be  the  highest  wicket  dam  in  the  United  States.  M.  Pasqueau  lirst 
proposed  wide-span  trestles  for  the  wicket  dam  at  La  Mulatiere,  where 
he  made  them  9  ft.  8  ins. 

Mr.  Hutton's  statement,  in  connection  with  the  Kanawha  improve- 
ment, that  "it  seemed  inexcusable  to  fill  the  river  with  trestles  only 
to  operate  a  second  dam  below  "  might  quite  as  Avell  be  applied  to  the 
8-ft.  as  to  the  4-ft.  spans.  While  the  Kanawha  improvement  is  a 
monument  to  all  concerned  in  its  design  and  execution,  and  a  model 
of  beautiful,  substantial  and  economical  workmanship,  yet  it  is  to  be 
regretted  that,  with  such  high  banks  and  solid  foundations,  dams  of 
greater  lift  and  complete  in  themselves,  without  additional  foot- 
bridges (in  themselves,  and  with  their  foundations,  a  source  of  great 
exi^ense)  were  not  constructed. 

Mr.  Frizell's  contribution  contains  many  useful  suggestions  out- 
side the  beaten  paths. 

The  counter  shutter  of  Thenard,  Fig.  20,  is  inadmissible,  in  many 
locations,  because  of  the  sunken  drift  and  debris  which  comes  against 
the  shutters  when  they  are  up  and  prevents  their  complete  lowering. 
The  down-stream  shutters  will  act  perfectly,  and  it  is  only  necessary 
to  find  a  means  of  raising  them  easily  and  quickly  to  have  a  success- 
ful dam. 

For  a  narrow  stream,  for  which  the  author  expects  to  design  some 
movable  dams  he  has  had  in  view,  in  place  of  the  counter  shutters,  he 
proposes  to  use  a  suitably  constructed  floating  truss,  carrying,  in  a 
vertical  i^osition  on  its  down-stream  side,  a  set  of  needles.  The  float 
would  be  attached  to  the  masoniy  at  each  end  (lying  across  the  river) 
and  the  needles  would  be  dropped,  as  is  now  done  from  the  shelves  at 
the  Louisa  dam,  thus  closing  the  waterway.  The  shutters  would  then 
be  raised,  from  the  top  of  the  float  carrying  the  truss,  by  suitable 
hoisting  machinery  thereon.     As  soon  as  the  river  rises  and  flows  over 
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Mr.  Thomas,  tlie  needles  and  fills  the  space  between  them  and  the  shutters,  the 
pressure  will  be  relieved,  the  needles  will  float  up,  and  the  float  can  be 
removed. 

Since  writing?  the  paper  the  experiments  on  improved  methods  of 
placing  the  needles  in  the  Louisa  dam  have  been  completed,  and  the 
system  is  now  in  successful  operation.  All  the  needles  are  jilaced 
one  by  one  on  shelves  attached  to  frames  which  stand  on  the  sill  of 
the  pass,  and  are  supported  at  the  top  against  the  trestles.  The  bot- 
toms of  the  needles  are  just  above  the  water,  so  that  the  flow  is  not 
interrupted.  "When  all  is  ready  the  releasing  of  a  light  chain,  which 
connects  the  triggers  supporting  the  shelves,  permits  the  shelves  to 
revolve,  and  the  needles  drop  simultaneouly  into  the  water  and  come 
to  rest  against  the  shoulder  of  the  sill.  Thus  they  go  in  without  in- 
creasing the  velocity  of  the  current  more  than  is  caused  by  raising  the 
trestles  and  placing  the  frames.  It  is  not  even  necessary  to  close  the 
lock  gates  until  the  needles  are  in  place  against  the  sill,  but  this  must 
be  done  speedily  thereafter.  The  frames  are  so  constructed  as  to  guide 
the  needles  into  place  and  prevent  the  current  from  carrying  them 
down  stream  on  to  the  sill.  The  success  of  this  device  comijletely 
solves  the  problem  of  the  use  of  wide  needles,  and  it  only  remains  to 
increase  the  spans  of  the  trestles  and  place  the  needles  below  the  line 
of  the  trestles,  instead  of  above,  to  obtain  a  needle-dam  which  will  be 
adaptable  to  any  desired  width  of  stream  and  be  lowered  at  the  rate 
of  from  100  to  150  ft.  of  dam  per  minute  on  the  weir  and  from  50  to 
100  ft.  jDer  minute  on  the  pass,  if  necessary  or  advisable,  and  of  placing 
the  needles  at  the  rate  of  4  ft.  of  dam  per  minute  with  three  men. 

Placing  the  Needles. — The  needles  in  the  pass  of  the  Louisa  dam 
weigh  aboiit  275  lbs.  each  and  are  12  ins.  in  width.  They  are  placed 
by  three  men  with  the  greatest  ease  and  dispatch,  and  it  is  possible 
to  close  passes  of  any  width  without  increasing  the  head  beyond  a  few 
inches  while  so  doing.  During  the  coming  season  it  is  proposed  to 
use  a  dozen  needles,  each  3  ft.  or  4  ft.  in  width,  as  wide  as  a  Chanoine 
wicket,  for  experimental  purposes.     The  method  is  as  follows: 

A  series  of  light  frames  having  upright  slats  or  rods,  resting  on 
the  sill  at  the  bottom  and  against  the  trestles  at  the  toj),  is  placed 
across  the  entire  jjass.  Just  above  the  water  level,  at  the  stage  at 
which  it  is  proposed  to  place  the  needles,  each  frame  carries  a  little 
shelf  fastened  in  the  middle  on  a  trigger,  the  down-stream  end  of 
which  is  held  in  place  by  an  upright  lever.  The  two  ends  of  the  shelf 
are  supported  on  hinges  connected  with  the  frame.  The  simultaneous 
throwing  of  these  levers,  when  the  needles  are  standing  on  the  shelves, 
will  release  the  triggers  and  permit  the  shelves  to  revolve  and  drop 
the  needles  into  the  water,  when  the  slats  or  rods  of  the  frame  will 
guide  them  into  place  and  prevent  their  being  carried  over  the  sill. 
For  the  purpose  of  releasing  the  triggers  simultaneously,  all  the  levers 
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are  connected  with  a  light  chain  stretched  across  the  pass  and  resting  Mr.  Thomas. 

in  claws  in  the  tops  of  the  levers.     One  end  of  the  chain  is  made  fast 

until  all  is  ready,  when  it  is  released,  which  operation  i>ermits  all  the 

levers  to  fall,  thereby  releasing  the  triggers  and  causing  the  needles 

to  drop  into  jDOsition  instantly.     This  invention  has  proved  wholly 

satisfactory,  and  permits  the  dam  to  be  erected  with  the  regular  force  of 

three  men,  using  the  steam  derrick  on  the  needle-boat  for  placing  the 

needles  on  the  shelves.  A  number  of  the  needles  may  be  placed  above 

the  frames,  directly  against  the  sill,  and  thus  act  as  guides  to  the 

others   if   desired.     This   method  will   readily  admit   of   the   use  of 

needles  4  ft.  wide,  weighing  over  1  000  lbs.,  and   of  placing  them  on 

the  shelves  ready  to  drop  at  the  rate  of  one  needle  per  minute.     In  a 

new  dam  there  is  no  doubt  that  the  trestles  can  be  so  designed  that 

the  needles  can  be  placed  simultaneously  without  the  use  of  frames. 

Eegidatiny  the  PocA. — When  the  pool  has  once  filled  it  is  necessary 
to  provide  for  the  escape  of  the  surj^lus  water.  Authorities  on  mov- 
able dams  have  pointed  out  the  dangers  liable  to  arise  from  permitting 
the  needles  to  overflow,  but,  with  due  regard  to  these  authorities,  the 
writer  can  say  that  there  is  no  danger  Avhatever  in  a:llowing  an  overflow 
of  a  few  inches  in  depth;  in  fact,  were  the  needles  to  be  replaced,  he 
would  certainly  recommend  a  design  which  would  permit  almost  an 
unbroken  sjiillway  along  the  crest. 

The  construction  of  the  needles  for  this  dam  is  such  that  only  about 
one-third  of  the  width  of  each  needle  can  be  submerged  without  raising 
the  pool  several  inches  above  its  normal  height,  and  it  was  necessary 
to  adopt  some  other  means  of  wasting  the  surjjlus  water,  particularly 
on  a  rising  river.  This  method  consists  in  re-poxssiiig  or  pushing  back 
the  heads  of  alternate  needles.  As  there  is  a  iJressure  of  some  550  lbs. 
on  the  head  of  each  weir  needle,  it  was  necessary  to  devise  means  of 
pushing  them  up  stream.  A  home-made  ratchet-jack  was  used  for  some 
time  with  success,  but  as  it  was  rather  slow  for  a  rising  river,  it  was  de- 
cided to  devise  something  which  would  do  the  work  more  rapidly. 
While  engaged  in  the  study  of  this,  the  writer  Avas  surprised  to  find  in 
De  Lagrene's  "  Cours,"  not  only  a  suggestion  that  needles  might  be 
re-poiissed  (although  it  had  not  been  done)  and  held  back  by  sticks 
placed  across  them  and  against  the  adjacent  needles,  but  also  that  he 
described  a  jack  which  he  thought  might  be  used  for  the  purpose. 
The  needles  at  the  Louisa  dam  were  not  of  a  design  suitable  for  being 
moved  with  such  a  device  (the  lever  being  inserted  behind  the  needles), 
but  another  was  soon  designed,  after  a  practical  test  of  a  model  or 
two,  which  has,  np  to  this  writing,  given  good  satisfaction.  It  is  little 
more  than  a  forked  wooden  lever,  the  two  legs  resting  on  the  up-stream 
faces  of  the  adjoining  needles  while  a  catch  drojjs  over  the  head  of  the 
needle  to  be  pushed  back.  By  pushing  the  lever  up  stream  the  head 
of  the  needle  follows,  the  legs  j^assing  each  side  and  sliding  slightly 
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Mr.  Thomas,  on  the  other  needles  in  turning.  By  describing  with  the  lever  an  angle 
of  90°  the  head  of  the  needle  is  carried  12  to  15  ins.  up  stream  and  the 
pin  for  holding  it  is  introduced  with  a  pair  of  tongs.  A  light,  floating 
platform  is  used,  in  order  to  pull  the  lever  over  to  the  proper  amount, 
but  the  device  can  be  made,  so  that  by  bending  the  handle  down  to 
the  foot-bridge,  the  whole  operation  can  be  performed  without  the  use 
of  a  float.  To  replace  the  needles,  the  operation  of  the  lever  may  be 
reversed,  or  they  may  be  checked  jdown  with  a  line  passing  around  a 
snubbing  post  on  the  float.  It  is  probable  that  the  lever  will  soon  be 
improved  by  placing  rollers  at  the  ends  of  the  legs  and  by  arranging 
it  so  that  the  entire  work  may  be  done  from  the  foot-bridge,  without 
the  use  of  a  float. 
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WITH  DISCUSSION. 

It  seems  hardly  necessary  to  write  any  prefatory  note  in  connec- 
tion with  a  paper  on  this  subject,  by  reason  of  the  number  of  paj^ers 
already  submitted,  and  the  decided  interest  which  is  universal  among 
engineers  in  the  production  of  an  economical  fire-proof  material 
for  use  under  transverse  stress.  At  short  intervals  there  have  been 
submitted,  for  the  consideration  of  the  engineer,  combinations  of 
plastic  material  and  steel  or  concrete  and  steel,  with  the  steel  in 
the  form  of  isolated  rods  and  acting  entirely  in  tension;  combina- 
tions of  concrete  and  steel,  in  which  the  steel  acts  entirely  in  tension 
and  is  distributed  throughout  the  bottom  area  of  the  section,  and 
combinations  of  concrete  and  steel  in  which  the  steel  acts  under 
transverse  stress;  each  of  which  methods  is  claimed  to  possess  certain 
advantages. 

The  present  paper  deals  with  that  combination  of  concrete  and 
steel  in  which  the  steel  acts  entirely  in  tension,  and  in  which  it  is  dis- 
tributed through  the  bottom  section  of  the  slab.  Theoretically,  the 
best  results  are  to  be  obtained  from  any  combination  of  this  charac- 
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ter  where  the  entire  compression  is  taken  by  the  concrete,  and  where 
the  metal  used  is  so  placed  as  to  occupy  the  position  of  the  extreme 
fiber  on  the  tension  side.  Theoretically,  it  is  also  necessary,  in 
order  to  develop  the  full  strength  of  the  metal,  that  it  should 
be  held  in  place  by  some  means  possessing  greater  strength  than 
simple  cohesion  between  the  concrete  and  the  steel.  The  diflBculties 
to  be  encountered,  in  making  any  series  of  tests  for  the  purpose  of 
determining  the  laws  governing  the  resistance  of  such  combinations, 
were  known  by  the  fact  that  no  formula  had  ever  been  suggested 

^^ ^^    which    even    approximately  ac- 

^^^^y^"^  ^y1^^^   counted  for  the  extremely  high 

,y^\^        c  .y1^^^€^^         resistance    of    sections    put    in 

,^2::^^^*'^^'^'^^^'^'^'''''''''^^^=^  place  in  buildings   and    tested 

*^- *"'» ^  under  concentrated  loads.     The 

^**'  ■  companies    interested     in     the 

manufacture  of  the  materials  used  determined  on  having  a  series  of 
tests  made  which  should  be  devoted  simply  to  the  ascertaining  of  facts 
whether  favorable  or  unfavorable,  and  the  author  was  intrusted  with 
the  execution  of  these  tests.  The  resiilts  obtained  seem  to  be  of  suffi- 
cient value  to  justify  their  presentation  to  the  Society,  in  order  that 
they  may  be  fully  discussed  and  the  real  value  of  the  combination  may 
be  generally  known  to  engineers. 

Slabs. — Fifty-six  slabs  of  concrete  and  expanded  metal  of  varying 
spans  and  thicknesses,  both  of  concrete  and  of  metal,  but  of  i^ractically 
uniform  width,  were  erected  on 
I-beam  supjiorts,  of  tyjjes 
shown  in  Figs.  1,  2,  3  and  4,  and 
designated  by  the  letters  A,  B,  ^  A^fflv;;i;<^e5^ 

G  and  JD  in  Table  No.  3.     These  f-l^_ span- 

alabs  were  entirely  independent  ^^^-  "■ 

of  all  others,  so  that  the  behavior  of  the  material  in  each  could  be 

independently  observed. 

Cement. — The  cements  used  were  an  American  Portland  and  a  slag 
cement.  For  the  first  of  these  the  manufacturers  claim  a  fineness  of 
90X  on  a  No.  100  sieve,  and  TO^"  on  a  No.  200  sieve,  and  which  actu- 
ally showed  a  fineness  of  96%  on  a  No.  100  sieve,  and  82%  on  a  No.  180 
sieve.  A  minimiam  tensile  strength  of  neat  cement,  for  seven  days,  of 
400  lbs.,  and  for  3  parts  of  sand  to  1  part  of  cement,  seven  days,  150 
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lbs.  was  guaranteed.  The  tensile  strengths  under  actual  test  exceeded 
the  guaranteed  amount  considerably,  the  average  of  30  tests  giving 
624  lbs.  The  slag  cement  is  claimed  to  be  ground  to  a  fineness  of  97% 
on  a  No.  180  sieve,  and  showed  a  fineness  of  99.5%^  on  a  No.  100  sieve, 
and  98%'  on  a  No.  180  sieve.  For  neat  cement,  seven  days,  a  tensile 
strength  of  400  lbs.  was  claimed ; 
for  3  parts  of  sand  to  1  jjart 
of     cement,     seven     davs,     147  ^^^  ^     , 

i,^  ■■■■.■■.. ^-yy  - 

lbs.      The     slag     cement     ran  .i^^^^;^ii;M!:'^.:iimM:^p^ 

very  slightly  below  the  amount *^'"" 

claimed  for   neat   cement.     The 

fineness  of  the  grinding,  however,  is  a  matter  of  very  great  import- 
ance, as  will  be  shown  later  on. 

S'lnd. — Bank  sand,  clean  and  sharp,  unscreened,  and  of  varying 
sizes  from  moderately  fine  sand  u})  to  some  pebbles  the  size  of  a  white 
bean,  was  used. 

Cinde7-s. — Ordinary  steam  cin- 
ders, vai'ying  in  size  from  dust 
to     pieces     which     would      go 
through  a  f-in.  ring,  were  used. 
jPjg  4  Larger  pieces  were  smashed  by 

the  shovel.    The  cinders  were  delivered  by  the  barge-load  for  use  in 
an  adjoining  building. 

A^/om^ —The  stone  used  was  trap,  broken  to  pass  through  a  li -in. 
ring,  and  practically  uniform  in  size.  It  was  too  large  to  give  the  best 
results  for  stone  concrete,  but  was  the  only  stone  available. 

Gravel. — The  gravel  used  was  clean 
washed,  running  in  size  from  ^  in.  to 
Ih  ins. 

Metal. — The  metal  used  was  known  as 
expanded  metal  (Fig.  5)  made  from  high 
grade,  low-carbon  Bessemer  steel,  con- 
taining 0.008  carbon  ;  unannealed  speci-  '^^^  Fig.  5. 
mens,  tested  in  tension  parallel  with  the  grain,  showing  a  tensile 
strength  of  al)out  65  000  lbs.,  an  elongation  of  about  15%  and  an 
elastic  limit  of  30  000  lbs.  Tests  made  on  strands  of  expanded  metal, 
after  having  been  subjected  to  strain  in  the  floor  sections,  showed  an 
Average  ultimate  strength  of  54  240  lbs.     The  expanding  is  performed 
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by  partially  shearing  tlirough  the  sheet  and  extending  the  metal 
about  11  per  cent.  The  strands  which  broke  in  the  work  in  all  cases, 
broke  at  a  point  where  the  metal  was  bent  to  secure  the  diamond 
shape  of  the  mesh.  It  is  commercially  designated  by  giving  the 
gauge  of  the  steel  and  the  amount  of  displacement  between  the  junc- 
tion of  the  meshes,  thus  :  No.  10,  3-in.  mesh,  designates  an  expanded 
metal  made  from  No.  10  steel,  in  which  the  displacement  of  the 
bridge  amounts  to  3  ins.,  the  axes  of  the  diamond  being  2f  ins. 
and  6  ins.  When  expanded,  this  size  and  mesh  weighs  0.56  lb.  per 
square  foot  and  has  a  sectional  area  per  foot  of  width  of  0. 168  sq.  in. 
and  per  inch  of  width  of  0.014  sq.  in.  If  the  elastic  limit  then  be 
taken  at  30  000  lbs.,  the  safe  working  strength  per  inch  of  width 
would  be  200  lbs. 

Expanded  metal  No.  4,  6-in.  mesh,  is  made  of  No.  4  steel,  in  which 
the  meshes  are  5  ins.  x  12  ins.,  its  weight  is  0.94  lb.  per  square  foot, 
which  equals  0.282  sq.  in.  of  cross-section  per  foot  of  width,  corre- 
sponding to  0.023  sq.  in.  per  inch  of  width,  or  a  working  strength  of 
330  lbs.  per  inch  of  width. 

In  building  the  slabs,  the  expanded  metal  was  usually  put  down 
in  single  sheets,  with  the  long  axis  of  the  mesh  at  right  angles  to  the 
beams,  and  so  set  as  to  be  well  covered  by  the  concrete  in  the  bottom 
of  the  slab.  The  sheets  were  sometimes  lapped  and  sometimes 
doubled,  and,  when  this  was  done,  the  only  tying  was  that  afforded 
by  the  concrete. 

Testing  Machine. — The  testing  machine  was  that  described  in  a 
paper  previously  submitted  by  the  author,*  the  only  addition  being 
that  there  were  two  gauges,  both  of  the  same  range,  one  new  and 
just  calibrated,  and  the  other  the  old  one,  but  they  checked  together 
exactly.  The  plunger  was  in  excellent  condition,  and  practically 
without  friction  except  at  high  loads,  where  the  friction  loss  would 
be,  in  any  event,  inappreciable.  I'he  machine  was  handled  by  means 
of  a  detachable  track  in  two  parts,  furnished  by  the  McCabe  Manu- 
facturing Company,  one  section  of  the  track  always  being  in  advance 
of  the  testing  machine.  The  holding  down  was  accomplished  by 
means  of  two  cast-steel  wire  rope  straps  passing  around  cross  beams 
which  ran  underneath  the  supporting  beams.  The  general  arrange- 
ment is  shown  in  Plate  XVIII. 

*  Transactions,  Vol.  xxxiv,  p.  544. 
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Loading. — Except  in  a  few  isolated  cases,  the  loads  wei'e  applied  by 
means  of  a  3-in.  x  1'2-iu.  piece  of  yellow  pine  3  ft.  long,  placed  in  the 
center  of  the  slab,  with  l)lockiu<Jt  between  it  and  the  jjluuger.  This 
load  amounted  to  about  100 lbs.,  and  was  not  allowed  for  in  comjiuting 
the  loads  resisted  by  the  slabs  in  any  case.  As  the  loading  was  in- 
creased, deflections  were  measured  by  means  of  a  rule  held  by  an  as- 
sistant stationed  beneath  the  slab.  The  conditions  of  loading  were 
practically  that  of  a  load  concentrated  over  the  entire  width  of  the 
slab  in  the  center,  in  such  a  manner  as  to  avoid  local  injury  to  the 
concrete. 

Mixing. — All  the  concrete  was  mixed  by  hand  on  a  board  platform. 
The  proi)er  amount  of  sand  was  first  dumped  on  the  platform,  then 
the  cement  was  placed  on  it  and  the  two  mixed  dry  by  turning  over 
once  with  shovels,  then  the  stone,  gravel  or  cinders  was  added  and  the 
whole  mass  turned  over  once  while  dry  with  shovels,  and  turned  into 
a  heap.  It  was  then  raked  down  from  the  heap  into  a  bed,  and  the 
water  sprinkled  on.  It  was  turned  over  by  shovels  as  the  water  was 
added,  and  again  shoveled  into  a  heap.  From  the  heap  it  was 
shoveled  into  a  wheel-barrow,  wheeled  to  the  slab,  dumped  and 
spread.  It  was  then  w^ell  rammed  with  an  ordinary  8-lb.  rammer,  and 
was  usually  brought  up  to  a  smooth  surface.  All  the  mixing  was  done 
by  laborers  who  had  been  employed  on  similar  work. 

Each  mixture  usually  made  two  slabs  and  a  cylinder  approxi- 
mately 8  ins.  in  diameter  and  15  ins.  long.  After  the  slabs  were 
formed,  and  before  there  was  any  frost,  they  w-ere  covered  with  2  ins. 
of  sand.  Before  the  testing  began,  the  sand  was  swept  oflf  and  the 
centers  removed.  The  cinder  concrete  weighed  100  lbs.  per  cubic 
foot,  and  the  stone  and  gravel  concrete  140  lbs.  per  cubic  foo.t,  as  an 
average. 

Weather. — Mixing  began  on  November  13th,  and  testing  began  on 
December  16th.  During  the  interval  the  minimum  temperature  was 
21°  Fahr.,  on  November  24th,  and  the  maximum  was  66  degrees.  The 
days  when  the  temperature  went  below  the  freezing  point  were,  on 
November  18th,  30°;  23d,  23°;  24th,  21°;  25th,  32°;  28th,  26°,  and  on 
the  30th,  25°,  on  which  day  it  froze  all  day  long;  December  1st,  27°; 
2d,  28°;  3d,  29°,  and  4th,  29  degrees.  From  these  records  it  will  be 
seen  that  the  slabs  were  unhurt  by  frost,  there  being  sufficient  time 
before  freezing  weather  for  the  cement  to  set. 
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Genet'dl. — The  conditions  were  such  as  to  produce  a  slab  of  average 
manufacture,  in  which  the  action  of  both  of  the  materials  under  test 
could  be  miniitelj  observed. 

Cylinders. — The  cylinders  before  mentioned  were  made  for  the  jjur- 
pose  of  determining  the  actual  compressive  strength  of  particular 
mixtures  of  concrete  employed,  so  that,  used  in  conjunction  with  the 
known  tensile  strength  of  the  metal  and  the  known  breaking  strength 
of  the  combination,  it  would  be  practicable  to  apply  various  formula^ 
for  the  purpose  of  comparison.  A  number  of  them  were  broken  in 
the  testing  machine  heretofore  described,  and  the  remainder  in  the 
testing  machine  of  the  New  York  University  Laboratory,  the  use  of 
which  was  kindly  tendered  by  Professor  Collins  P.  Bliss.  The  results 
are  given  in  Table  No.  3. 


6000 
5000 

4000 

8000 
2000 
1000 


Load 

line 

'  ^Metal  b 

roke 

-/vi' 

i' 

1"  Deflection 

^^m" 

12s    Min.   456 

Test  No.  13;  Loads  and  Deflections. 

Fig.  6. 


Tests. — The  results  of  the  general  tests  of  the  slabs  are  summarized 
in  Table  No.  3  in  all  cases  except  for  Tests  Nos.  57  to  60.  The  curve 
of  loading  was  similar  in  its  character  to  that  shown  in  Fig.  6,  which 
is  the  curve  for  Test  No.  13. 

Test  No.  57. — This  was  a  test  of  three  special  light  beams  and  con- 
crete, being  as  shown  in  Fig.  7.  The  expanded  metal  was  laid  in 
widths  of  18  ins.,  measured  in  a  direction  parallel  with  the  beams, 
and  lapped  4  ins.  It  was  of  No.  10  metal,  and  the  number  of  square 
inches  in  a  direction  at  right  angles  to  the  tensile  strains  would  be 
1.33.     The  major  axis  of  the  diamond,  however,  was  at  right  angles 
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■with  the  line  of  strain,  and,  in  consequence,  the  effective  resistance  of 
this  metal  diminished  in  the  ratio  of  2.2  to  1. 

The  composition  of  the  concrete  was  1  part  American  Portland, 
2  parts  sand,  and  5  parts  cinders.  The  load  was  applied  to  1  sq.ft. 
in  the  center  of  the  span  immediately  over  the  flanges  of  the  central 
beam.  The  ratio  of  span  to  depth  was  such  that  a  weight  of  150  lbs. 
produced  a  deflection  of  \  in.,  and  3  000  lbs.  produced  a  deflection  of 
h  in.  At  5  500  lbs.  the  deflection  was  |f  in.,  and  the  side  beams 
began  to  separate  from  the  concrete.  At  6  500  lbs.  the  top  flanges 
of  the  center  beam  buckled  under  the  load,  and  a  deflection  of  Ifg-  ins. 
was  observed.     This  was  the  maximum  strength.     After  the  maximum 
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of  6  500  lbs.  was  reached,  the  increase  in  deflection  and  loss  of 
resistance  were  very  slow  and  uniform,  reaching  3 J  ins.,  with  a  load 
of  5  800  lbs. 

Test  No.  58.  — This  was  a  test  of  a  rectangular  slab  of  concrete,  5  ins. 
thick,  as  shown  in  Fig.  8.  The  concrete  was  composed  of  American  Port- 
land, 1  part;  sand,  2  parts,  and  cinders  5  parts.  The  metal  was  No.  10, 
in  six  pieces,  and  lapped  8  ins.  longitudinally,  and  20  ins.  transversely ; 
the  total  number  of  square  inches  of  sectional  area  being  2.08.  The 
load  was  applied  to  1  sq.  ft.  in  the  center  and  was  gradually  increased. 
The  elastic  limit  was  at  10  500  lbs.,  and  the  deflection  tu  in-  At  11  200 
lbs.,  with  a  deflection  of  yf  in.,  the  corners  of  the  slab  began  to  lift, 
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and  this  lifting  reached  a  maximum  of  J  in.  at  the  corners,  with  a  deflec- 
tion of  2  ins.  and  a  load  of  11  000  lbs.  While  this  pressure  was  main- 
tained, a  weight  of  70  lbs.  was  twice  dropped  from  a  height  of  2  ft. 
4  ins.  on  the  slab,  immediately  adjoining  the  loaded   area,  without 


13  2 


Fig.  8. 
effect.     A  block  J  sq.  ft.  in  area  was  placed  immediately  adjoining  the 
loaded  area  and  a  weight  of  894  lbs.  was  dropped  1  ft.  and  decreased 
the  pressure  about  1  000  lbs. ,  then  it  was  twice  dropped  a  distance  of 
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15  ius.,  aud  twice  a  distance  of  18  ius.,  the  last  time  shearing  an  irreg- 
ular hole  of  about  li  sq.  ft.  in  area,  through  the  concrete,  and  de- 
creasing the  resistance  to  the  plunger  so  that  the  load  was  in  the 
vicinity  of  4  500  lbs. 

Test  No.  59.  — This  was  a  test  of  a  finished  section  of  floor  in  the  sugar 
house  adjoining,  and  is  shown  in  Fig.  9.  The  concrete  was  mixed  in  the 
proportion  of  American  Portland  cement,  1;  sand,  2;  cinders,  5.  The 
top  2  ins.  of  the  surface  was  mixed  in  the  i^roportions  of  American  Port- 
land cement,  1;  \-vq..  broken  stone,  1,  and  sand,  1,  and  had  a  very 
smooth  and  handsome  surface. 
The  load  was  applied  on  an  ai-ea 
of  1  sq.  ft.  The  elastic  limit 
was  passed  at  a  pressure  of 
35  000  lbs.     The  first  crack  ap-  Fig.  9. 

peared  on  the  surface  at  a  pressure  of  37  600  lbs. ;  the  maximum  was 
reached  with  37  750  lbs.  The  deflection  was  about  1^  ins. ,  and  then 
the  failure  became  pronounced,  cracks  appearing  in  the  top  surface 
and  roughly  following  the  arc  of  a  circle  about  2  ft.  distant  from  the 
l^oint  of  application  of  the  load  for  about  one-half  the  area  loaded, 
and,  in  addition,  one  crack  running  off  diagonally  at  an  angle  of  about 
45°  from  the  supporting  beams.  There  were  only  slight  cracks  on  the 
under  surface. 

Test  No.  60.  — The  section  tested  is  shown  in  Fig.  10.  Double  ex- 
panded metal  No.  10  was  used.      The  concrete  was  the  same  as  that 

used  for  Test  No.  59.  The  load 
was  applied  on  1  sq.  ft.,  and  the 
slab  resisted  a  total  of  42  500  lbs. 
without  sign  of  failure;  the  elastic 
^'*^-  ^^-  limit  was  passed  at  about  35  000  lbs . 

Observations. — The  application  of  the  load,  in  each  case,  was  at  a 
uniform  rate.  The  deflections  were  practically  at  a  uniform  rate  and 
were  proportionate  to  the  load  up  to  the  point  where  the  elastic  limit 
was  reached.  After  the  elastic  limit  was  passed,  they  increased  con- 
siderably ;  the  bottom  surface  of  the  concrete  began  to  show  the  com- 
pressing action  of  the  strands  of  metal  by  breaking  into  small  cracks 
aud  puckering  up.  Finally,  the  deflection  became  so  great  that  small 
sections  of  the  concrete  between  the  strands  fell  off,  and  the  strands  of 
metal  began  to  break.  After  the  load  curve  showed  a  decided  drop,  the 
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pressure  was  relieved  and  usually  the  deflection  decreased,  tlie  slabs 
showing  some  remaining  elasticity.  In  no  case  was  there  any  collapse 
of  the  section  until  ample  warning  had  been  given,  and  in  no  case  was 
there  a  collapse  of  the  section,  except  where  the  ratio  of  thickness  of 
slab  to  span  was  far  less  than  would  ever  be  thought  of  in  practice. 
In  all  cases  the  failure  was  identical  in  its  character  with  that  of  an 
elastic  slab  supported  at  the  ends  and  loaded  in  the  center.  The  first 
crack,  in  almost  every  case,  developed  over  the  inner  edge  of  the  X-beam 
supporting  the  slab.  The  center  of  the  slab  usually  crushed  under- 
neath the  loading  plank,  but  not  at  the  edges  of  the  plank.  The  bottom 
cracked  across  transversely  in  the  center. 

When  the  concrete  was  extremely  hard,  as  in  the  stone  and  gravel 
mixtures,  the  slab  did  not  curve  between  the  point  of  application  of 
the  load  and  the  point  of  support.  In  the  cinder  mixture  there  was 
sometimes  a  small  but  appreciable  curvature.  The  supporting  X-beams 
were  steadied  on  top  of  the  timbers  with  a  couple  of  light  spikes.  In 
two  or  three  cases  there  was  a  very  slight  rotation  observed  in  the  case 
of  the  soft  concrete.  In  the  remaining  cases  there  was  no  movement 
of  the  beams.  In  some  of  the  very  long  spans  made  with  stone  or 
gravel  concrete  the  slabs  rotated  about  the  inner  edge  of  the  support- 
ing beam  flange  and  lifted  at  the  outer  edge  of  the  flange  an  appreci- 
able amount;  in  one  case  as  much  as  \  in. 

The  general  riin  of  tests  and  the  irregularity  which  exists  among 
them,  indicate  the  necessity  of  some  more  uniform  method  of  mixing 
the  concrete,  if  close  calculations  of  the  strength  are  to  be  made.  The 
strengths  shown  by  the  mixtures  in  which  the  slag  cement  was  em- 
ployed are  worthy  of  note,  since  the  neat  tensile  strength  tests  showed 
a  less  strength  than  those  in  which  American  Portland  was  used,  while 
in  the  actual  use  of  the  cement  this  diff'erence  disappears,  and  seems 
to  indicate  a  considerable  advantage  due  to  fineness  of  grinding. 

The  tests  were  usually  made  in  pairs,  this  being  evident  from  a 
study  of  the  tables,  thus  1  and  2,  3  and  4,  5  and  6,  etc.,  were  made 
from  the  same  mixtures  of  concrete  and  at  the  same  time.  It  ■will  be 
observed  that  the  two  slabs  from  the  same  mixtiire  at  times  vary  as 
much  as  two  slabs  made  in  the  same  proportions,  but  of  difi"erent  mix- 
tures. It  will  be  further  observed  that,  in  the  case  of  the  pair  5-6,  in 
one  case  the  metal  was  broken  and  the  other  not.  The  same  thing  is 
true  of  the  pairs  7-8,  9-10,  17-18,  36-37,  40-41  and  44r-45,  thus  iudicat- 
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ing  that  the  proportions  of  strength  of  concrete  to  strength  of  steel 
for  this  particular  form  of  loading  were  practically  correct,  as  in  one 
case  the  steel  and  in  the  other  case  the  concrete  failed  first.  This  is 
further  emphasized  hj  the  tests  15-10,  31  and  33,  in  which  there  was 
an  excess  of  metal  and  consequently  no  complete  failure  thereof;  also 
by  the  tests  25-26,  in  which  the  compressive  strength  of  the  cinder  con- 
crete was  exceptionally  low  and  therefore  the  metal  was  not  broken. 

Confttan/s.  —Taking  up  the  tests  which  seem  to  be  fairly  uniform,  it 
is  the  author's  judgment  that  a  fair  value  for  the  ultimate  compressive 
strength  of  a  fairly  well-mixed  cinder  concrete  in  the  proportion  of 
1-2-5,  or  a  thoroughly  well-mixed  cinder  concrete  in  the  proportion  of 
1-3-6,  should  be  400  lbs.  per  square  inch.  A  stone  or  gravel  concrete 
made  of  graded  stones  and  thoroughly  mixed  by  machinery  should  show 
a  strength  of  at  least  800  lbs.  per  square  inch;  in  each  case  the  strengths 
being  for  concretes  28  days  old.  The  tensile  strength  of  the  concrete 
may  be  taken  to  be  one-fifth  of  the  compressive  strength.  In  Table 
No.  1  is  given  a  reduction  of  certain  tests  on  cinder  concrete  slabs  to  a 
uniform  condition  of  span,  width  and  depth.  Two  i^oints  are  noted 
for  each  test,  first,  that  at  which  the  deflection  reached  a  jjoint  suffi- 
ciently great  to  cause  a  cracking  in  the  plaster  when  applied  to  the 
under  side;  second,  that  at  which  the  elastic  limit  was  passed. 

These  tests  show  that  a  centrally  applied  load  of  3  200  lbs.  produces 
a  deflection  sufficient  to  crack  plaster;  a  compressive  strain  of  300  lbs. 
per  square  inch  m  the  conci*ete,  and  a  tensile  strain  in  the  metal  of  296 
lbs.  per  inch  of  width,  and  a  load  of  4  580  lbs.,  reached  the  elastic  limit 
of  the  combination,  producing  a  compressive  strain  of  400  lbs.  per 
square  inch  in  the  concrete,  and  a  tensile  strain  of  601  lbs.  per  inch  of 
width  in  the  metal. 

These  results  are  obtained  by  the  application  of  the  formula  here- 
inafter noted,  on  the  assumption  that  the  concrete  and  the  steel  will 
be  strained  proportionately  within  the  elastic  limit  and  up  to  the 
maximum  at  the  elastic  limit,  and  that  if  there  is  any  reserve  of 
strength  it  will  exist  only  in  the  steel. 

It  is  essential  that  in  no  case  should  the  deflection  produced  by  a 
load  be  sufficiently  great  to  cause  a  cracking,  either  in  the  plaster  or  in 
the  floor  itself.  It  can  also  be  seen  from  an  examination  of  Table  No. 
3  that  if  the  plaster  does  not  crack,  the  concrete  will  not,  since  the  de- 
flection corresponding  to  the  first  crack  is,  in  almost  all  cases,  three 
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times  as  great  as  that  required  to  crack  the  plaster.  And,  finally,  it 
must  be  borne  in  mind  that  commercial  conditions  require  the  use  of 
a  cement  so  good  that  the  contractor  can  remove  his  centers  within  a 
week  or  ten  days,  and  in  conseqiience  any  slab  which  will  then  bear  its 
own  weight  is  absolutely  proof  against  collapse  at  any  future  time. 
Keeping  these  facts  in  view  and  considering  that  it  is  well  to  be  con- 
servative in  all  cases  in  the  use  of  a  new  material,  the  author  has  used 
as  his  constants,  for  safe  working  strains  of  cinder  concrete  in  compres- 
sion 75  lbs.  per  square  inch,  and  for  stone  concrete  in  comjjression  150 
lbs.  per  square  inch,  which  would  correspond  to  a  deflection,  under 
uniformly  distributed  loads,  of  about  one-quarter  of  that  required  to 
crack  plaster,  and  to  strains  of  about  one-fifth  of  the  elastic  limit  of 
the  concrete. 

Notation. — The  following  notation  has  been  employed  in  the  develop- 
ment of  the  formula : 
G  =  Safe  working  strength   of   concrete  per  square  inch,  or  75  lbs. 

for  cinders  and  150  lbs.  for  stone. 

.     ,        C 
T  =  Safe  working  strength  of  concrete  in  tension,  per  square  inch  =— . 

-S'  =  Safe  working  strength   of   steel,  per  inch  of  width,  or  200  lbs. 

for  No.  10  metal,  and  330  lbs.  for  No.  4  metal. 

M  =  Bending  moment  of  the  external  forces,  in  inch-pounds. 

R  =  Resisting  moment  of  the  section,  in  inch-pounds. 

/  =  Span,  in  inches. 

t  =  Thickness  of  slab  or  section,  in  inches. 

X  =  Distance  from  edge  of  slab  or  section  to  the  neutral  axis  on  the 

compression  side. 

y  =  Distance  from  the  edge  of  slab  or  section  to  the  neutral  axis  on 

the  tension  side. 

W  =  Safe  uniformly  distributed  load,  per  square  foot. 

w  =  Safe  uniformly  distributed  load,  per  square  inch. 

Then  when  W=    75,         «' =  0.52; 

>r=125,         ir  =  0.87; 

Tr=175,         «' =  1.22; 

IF  =250,         7r  =  1.74. 

Formula. — The  formula  may  be  developed,  within  the  elastic  limit 

of  the  material,  as  follows: 

Taking   a   section,  it  is  evident  that  if  the  failure  is  as  likely  to 

occur  on  one  side  as  on  the  other,  as  the  tests  indicate,  the  compres- 


HILL  ON   STEEL  CONCRETE   CONSTRCJCTION, 


629 


sion  in  the  concrete  above  the  neutral  axis  must  equal  the  tension 
below  that  axis,  due  to  the  action  of  both  the  concrete  and  the 
steel.     Taking  any  section  of  unit  width,  and  adopting  the  notation 


Cx- 


The  tension  will  be 


given,  the  comi)ressiou  is  represented  by 
represented  by  — ^ — \-  Sy. 

o 

These  two  combined  give  R  =  -^ 1 ^ \- S  >/ (Formula  1.) 

It  is  evident  that  R  =  %  C x' (Formula  2.) 

These  are  pi'actically  correct  when  y  is  the  distance  from  the  neutral 
axis  to  the  center  of  the  expanded  metal.  They  are  within  an  extremely 
small  percentage  of  being  correct  when  the  metal  is  imbedded  in  the 


^ VaI ^ 


Fia.  11. 


^— — YaI > 


B 


Fig.  12. 


Fig.  13. 

bottom  of  the  concrete,  and  the  result  obtained  by  the  formula  will  be 
practically  correct  and  absolutely  safe  if  the  thickness  of  the  slab  be 
made  \  in.  in  excess  of  the  thickness  determined  by  comi^utatiou. 
Slabs  may  be  built  of  any  of  the  styles  shown  in  Figs.  11,  12  and  13. 
In  Fig.  11  the  floor  slab  is  in  the  condition  of  a  continuous  girder,  sup- 
ported at  intervals.  The  moment  of  resistance  of  the  section  at  the 
center  is  given  by  Formula  1.  Over  the  points  of  support,  since  there 
is  no  steel,  the  moment  may  be  expressed,  with  practical  accuracy,  by 

R  =  ^-^  +  -Q^  =  0.28  Tf- (Formula  3.) 

3  3 

In  Fig.  12  a  condition  exists  similar  to  that  of  Fig.   11,  except  that, 
owing  to  the  position  of  the  concrete,  there  is  no  tensile  strength  to  be 
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developed  from  it  in  the  section  over  the  point  of  support,  and  con- 
sequently Formula  1  is  modified  thus : 

C  c  - 
R  =  —^ 1-  Si/ ..(Formula  4.) 

For  conditions  of  uniformly  distributed  load  and  unit  -width,  the 
moment  of  the  external  forces  and  the  resistances  of  the  sections  in  the 
center  for  the  various  cases  is  represented  by : 

M=^  =  ^^+^+S^^R (Formulas.) 

M=.^=..^L  +  ^^Si,=  R (Formulae.) 

and  the  sections  over  the  points  of  sujjport  are  represented  by 

M=-^=0.28  Tf  =  R (Formula?,) 

M=-^=-^^^-{-Sy  =  %  C.r-=  i?.. (Formula  8.) 

In   the   practical   application   it   is   well  to  remember  that  in  all 

C  X' 
cases  — - —  represents  half  the  total  resistance. 
o 

When  concrete  of  a  certain  character  is  used,  it  is  a  simple  matter 
to  assign  safe  working  values  for  C,  J"  and  S,  and  then  assign  values 
for  X  and  solve  for  ?/,  thus  obtaining  a  curve  from  which  the  thickness 
of  the  slab  for  any  given  load  can  be  easily  obtained  by  equating  M 
with  R,  as  obtained  from  Formula  2. 

In  this  way  the  tables  of  requirements  for  safe  uniformly  dis- 
tributed loads  have  been  computed.  It  is  to  be  particularly  ob- 
served that  no  formulas  are  given  for  the  resistance  to  concentrated 
loads.  This  is  for  the  reason  that  concentrated  loads  so  rarely  occur, 
and  the  resistance  to  them  is  so  great  as  to  render  it  practically  a  waste 
of  time.  This  resistance  may  be  calculated  on  the  assumption  that 
the  resistance  will  equal  that  of  a  circialar  disc,  of  a  diameter  equal 
to  the  span,  fixed  on  all  edges  and  loaded  in  the  center. 
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TABLE  No.  1. 


Test  No. 

Load  producing 
deflection  suffi- 
cient to  cracli 
plaster. 

Elastic  limit. 

Test  No. 

Load  producing 
deflection  suffi- 
cient to  craclc 
plaster. 

Elastic  limit. 

3 

3.64 
2.95 
3.82 
3.30 
3.10 
2.85 
2. HO 
2.90 
3.10 

4.13 
5.40 
5.20 
4.40 
4.00 
3.80 
4.30 

"s.iib" 

"5.eb" 

87 

48 

49 

50 

51 

52 

53 

54 

Average. 

2.90 
3.10 
3.40 
3.40 
3.40 
3.00 
3.50 
3.10 

"b'M" 
4.40 

4.70 

5.60 

4  

5.40 

13 

7.00 

14 

27 

28 

8.60 

34 

:i5 

36 

3.20 

4.58 

5.44 

Cinder  concrete  only.    Loads  in  thousands  of  pounds. 

Last  column  shows  elastic  Umit,  where  conditions  affected  this  limit,  but  not  the 
plaster  Umit. 

TABLE  No.  2.  —  Chabactekistics  of  Floor  Slabs  for  Carrying  the 
Designated  Live  Loads.  Safe  Working  Strength  of  Cinder  Con- 
crete 75  Lbs.  in  Compression,  15  Lbs.  in  Tension.  Of  Stone  Con- 
crete, 150  Lbs.  and  30  Lbs.  ,  Respectively.  Of  No.  10  Metal,  200 
Lbs.  per  Inch- Width.  Of  No.  4  Metal,  330  Lbs.  per  Inch- Width. 
75  lbs.  per  square  foot,  live  load,  uniformly  distributed. 


Span 

5 

6 

7 

8       9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

Concrete..  . 

0 

a 

C 

C 

C 

a 

C 

C 

C 

S 

S 

« 

S 

S 

S 

Top 

4 

10 

4 
10 

4D 
10 

4i> 
10 

41) 
10 

AD 
10 

4D 
10 

4D 
10 

4D 

10 

4D 

Bottom 

10 

10 

10 

4 

4 

10 

Thiclcness.  . 

2.75 

3.5 

5 

4.75 

5.5 

o 

6 

5.75 

6.5 

5.5 

6.0 

6.75 

7.5 

8.5 

9.35 

Type 

A  C 

AC 

AC 

AC 

AC 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

125  lbs.  per  square  foot,  live  load,  uniformly  distributed. 


Span 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

Concrete 

C 

a 

C 

C 

C 

C 

C 

C 

C 

C 

S 

S 

S 

Top 

4 
10 

4 
10 

4 
10 

4D 

10 

4D 
10 

4Z> 

10 

4D 

10 

4D 

Bottom 

10 

10 

10 

4 

4 

10 

Thiclcness. . . 

2.25 

3 

4.25 

4 

5 

5 

5.75 

7 

6.75 

7.5 

6.5 

7.5 

8 

Type 

AC 

AC 

AC 

AC 

AC 

B 

B 

B 

B 

B 

B 

B 

B 

175  lbs.  per  square  foot,  live  load,  uniformly  distributed. 


Span 

Concrete. 

Top 

Bottom |10 

Thickness.. . ;  2.5 
Type AC 


10       10 
3.5  I  4.0 

AC\  AC 


AC 


7        8 
C        C 

I  4 

4       10 
6.25    6 
AC\    B 
I 


9 

10 

11 

12 

C 

C 

.S 

S 

4 

4D 

4D 

4D 

>  10 

10 

10 

10 

7 

8 

6 

7 

B 

B 

B 

B 

13 

4D 
10 
8 
B 


14 

S 

4D 
10 

9 

B 


15 

S 

4D 
10 
10 

B 


250  lbs.  per  square  foot,  live  load, 

uniformly  distributed. 

3 

C 

4 
C 

5 

C 

6 

S 

7 
S 

8 
C 
4 

10 
7 
B 

9 

C 
4D 
10 
7.25 

B 

10 
C 
4D 
10 

8.25 
B 

11 

S 
4D 
10 

7.75 
B 

12 

Concrete 

Top 

4D 

Bottom 

Thiclmess... 
Type 

10 

2.75 
AC 

10 
3.75 
AC 

10 
4.75 
AC 

4 

5.25 
AC 

4 
8 
A  C 

10 

8.75 
B 
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TABLE  No.  3. 


a 
•3 

1. 

i 

H  33 

ffi 

.2-e 

o 

.£> 

Sri 

5"^ 

1 

s 

3 

a 

i 

^ 

§ 

etc 

a 

1 

1 
p. 

ri 
o 

a 

§ 

o 
S 

s 

i 

"8 

^c 

d 

ce 

t3  -- 

■u    a 

o 

•a 

<D 

« 

<B 

1o 

?r 

a 

"O 

a 

®    s 

«    1  H 

c 

Is 

tS 

cS 

c 

M 

<c 

o 

H 

< 

^ 

6 

.d 

<j 

-e 

O" 
CO 

3 

33    ■ 

o 

a 

J 

a 

c6 

«_ 

1 

31 

60 
60 

42.0 
42.5 

3.25 

3.50 

6!38 

0.58 
0.58 

i 

2.8 
3.0 

4.0 

a 

i'.88 

i'.hb 

'iiso' 

6!i6:2!5' 

6!62 

2!4' 

h'.54 

not 

0.5 

3 

31 

60 

42.75 

1.65 

1.31 

2.88 

0.75 

0.58 

3.0 

0.163.4 

0.31 

3.25 

0.35 

3.. 50 

1.50 

4.1 

0.69 

4 

31 

60 

43.0 

2.00 

1.69 

3.25 

0.75 

0.58 

2.75 

0.165.0 

0.81 

4.00 

0.37 

5.00 

1.00 

5.0 

1.00 

5 

30 

60 

42.0 

1.94 

1.50 

3.45 

0.05 

0.58 

2.10 

0.1612.5 

0.33 

3.90 

0.50 

not 

3.1 

1.00 

6 

31 

60 

42.0 

1.87 

1.31 

3.30 

0.20 

0.58 

2.5 

0.163.0 

0.37 

2.9 

0.31 

3.0 

1.50 

3.4 

1.06 

7 

30 

60 

41.5 

2.0 

1.4 

3.50 

0.25 

0.58 

2.6 

0.163.4 

0.31 

3.5 

0.37 

3.6 

3.50 

3.6 

3.00 

8 

30 

60 

42.5 

1.85 

1.69 

3.50 

0.25 

0.58 

2.3 

o.nk.d 

0.56 

3.0 

0.69 

not 

3.0 

1.5 

9 

30 

00 

41.0 

1.88 

1.31 

3.50 

0.12 

0.58 

3.5 

0.164.0 

0.28 

4.3 

0.50 

3.5 

2.0 

4.3 

0.44 

10 

30 

60 

42.0 

2.06 

1.44 

3.25 

0.50 

0.58 

3.8 

0.16  4.6 

0.50 

4.6 

0.50 

not 

4.6 

0.50 

11 

25 

60 

42.0 

1.88 

1.31 

3.75 

0.06 

0.58 

5.0 

0.1615.2 

0.22 

6.05 

0..37 

4.0 

0.94 

6.05 

0.37 

13 

25 

60 

42.0 

2.00 

1.44 

4.44 

0.06 

0.58 

3.5 

0.16 

4.0 

0.37 

4.3 

0.50 

4.25 

3.75 

4.4 

2.0 

13 

28 

60 

42.5 

2.00 

1.31 

3.75 

0.25 

0.97 

4.1 

0.16 

5.6 

0.75 

5.5 

2.25 

5.5 

2.25 

6.15 

0.88 

14 

38 

60 

43.0 

1.94 

1.75 

4.38 

0.12 

0.97 

4.1 

0.16 

5.5 

0.50 

5.55 

0.88 

5.9 

1.31 

6.0 

1.81 

15 

28 

60 

42.0 

1.81 

1.75 

4.75 

0.0 

1.16 

5.1 

0.16 

9.3 

0.69 

9.3 

0.69 

not 

9.3 

0.69 

16 

38 
30 

60 
60 

42.0 
42.0 

1.75 
1.81 

1.50 
1.62 

3.94 
3.80 

0.0 
0.07 

1.16 
0.58 

5.6 
3.9 

0.169.3 
0.164.4 

0.62 
0.25 

not 
not 

9.8 
4.8 

1.50 

17 

4.5 

0.38 

0.75 

18 

30 

60 

42.0 

1.94 

1.50 

3.50 

0.50 

0.58 

4.9 

0.16  6.5 

0.38 

6.5 

0.38 

5.8 

1.31 

6.5 

0.50 

19 

30 
30 

60 
60 

43.0 
42.0 

4.25 
4.75 

8.68 
3.0 

0.06 
0.25 

0.58 
0.58 

2.4 
3.9 

0.16  5.0 
0.16i5.0 

0.56 
0.75 

5.0 
5.0 

0..56 
2.38 

5.0 
5.10 

0.56 

20 

5.1 

1.25 

1.25 

31 

30 

60 

41.0 

4.0 

3.87 

0.12 

0.58 

3.1 

0.16  4.5 

0.37 

4.7 

0.56 

4.30 

3.35 

4.85 

1.0 

33 

30 

60 

42.0 

4.0 

3.87 

0.12 

0.58 

3.4 

0.16  5.48 

0.50 

5.48 

0.50 

5.0 

1.75 

5.6 

0.75 

33 

33 
33 
33 
33 
32 
33 

60 
60 
60 
60 
72 
72 

40.0 
40.5 
41.0 
43.5 
42.0 
43.0 

4.0 
4.25 
4.37 
4.00 
2.12 
3.00 

3.75 
3.25 
3.25 
3.88 
1.12 
1.19 

0.25 
0.50 
0.37 
0.12 
4.12 
3.68 

0.12 
0.35 

0.58 
0.58 
0.58 
0.58 
0.60 
0.60 

4.4 
3.4 
2.9 
3.1 
3.0 
2.5 

0.16  7.9 

o.iele.o 

0.44 
0.56 
0.75 
0.75 
0.50 
0.62 

8.6 
8.0 
not 
not 
3.8 
3.2 

1.13 
3.00 

0.81 
1.81 

8.6 

8.30 

5.60 

7.3 

3.95 

4.0 

0.88 

34 

2.50 

25 

0.16 
0.16 
0.20 
O.SO 

4.5 
6.0 
3.9 
3.9 

3.63 

36 

3.50 

87 

0.94 

38 

4.0 

0.88 

0.88 
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1 

"3 

a 

§ 
1 

53 

1 

1 

■a 
a 

1 

1 

Cylinders. 

1 

E 

a 

i 

3  a 

i 

OS 

1 

4 

.9 
i 

3 

>3 

i 
§ 

Remarks.— All  loads  in  thousands  of 
pounds.  All  dimensions  and  deflec- 
tions in  inches. 

Tests  1  to  33,  both  inclusive,  made 
with  American  Portland  cement. 

Tests  34  to  50,  both  inclusive,  made  with 
slag  cement. 

1 

A 
A 

A 
A 

A 

A 
A 

A 

A 

A 

A 

A 
B 
B 
B 
B 
B 

B 

C 

c 

c 

c 
c 

c 

c 

c 

A 
A 

3.48 

56.7 

16.5 

292 

Cinders,  1-3-6. 

a 

2.9 

3.2 
3.0 

2.0 

3.7 
3.1 

2.5 

3.5 

4.0 

4.0 

3.75 

5.0 

5.8 

9.0 

9.5 

3.8 

5.0 

3.5 

4.5 

4.0 

4.0 

B.6 

7.5 

5.0 

6.0 

2.50 

2.5 

2.00 

3 
3 

2 

2 
4 

3 

2 

2 

0.94 

2.81 
2.75 
2.31 
1.06 
2.31 
2.56 

2.38 

1.12 

4.5 

3.25 

2.0 

1.44 

3.00 
4.25 
3.62 
1.25 
2.18 

2.0 

2.25 

1.62 

0.75 

1.31 

2.06 

2.0 

1.12 

4.12 

2.88 

1.75 
1.12 

2.56 

3.25 
0.69 
1.81 

Cinders,    1-3-6.      Good     top     surface, 

:i 

mixed  very  moist. 
Cinders,  1-3-5.    Mixed  very  moist. 

4 

.... 

Cinders,     1-2-5.       Jlixed    very    moist. 

5 
6 

8.53 

57.2 

23  7 

398 

16.0 

Small  section  of  bottom  near  center 

and  below  metal  foil  out. 
Stone,  l-S-a.     Mi.xed  a    little  too  dry. 

N.  edge  sheared  down.     Top  crushed 

in. 
Stone,  1-3-6.    Mixed  about  right.     Top 

7 

8 

8.38 

55.2 

34.5 

625 

crushed.    Bottom  oiicned  in  one  crack. 

Stone  and  gravel  Kradfd,  1-^-10.  Con- 
crete moist.  Tup  surface  rough.  Top 
crushed,  bottom  sjmced  and  cracked. 

Stone  and  gravel  graded,  1-3-10.    Con- 

0 
10 

8.48 

56.7 

52.0 

917 

crete  moist.    Top  surface  rough.    Top 

crushed,  bottom  spaced  and  cracked. 
Gravel,    1-3-6.      Concrete  a    little  wet. 

Fine  top  surface.     Crushed,  bottom 

cracked. 
Gravel,   1-3-6.    Concrete   a    little   wet. 

11 
12 

8.17 

52.3 

46.0 

880 

12.25 

Fine  top  surface.  Crushed,  bottom 
cracked. 

Gravel,  1-2-7.  Fine  top  surface. 
Crushed  15  ins.  N.  of  center  on  diag- 
onal line. 

Gravel,  1-2-7.    Good  surface.      Section 

13 

of  bottom  below  metal  dropped  out. 
Cinders,    1-3-5.      Good    surface.      Top 

crushed.  Edges  Uf ted,  bottom  cracked. 
Cinders,    1-2-5.      Good    surface.      Top 

crushed.  Edges  lifted,  bottom  cracked. 
Gravel.     1-3-6.      Fair     surface.       Top 

cracked  diagonally. 
Gravel,      l-;3-6.       Fair    surface.      Top 

crushed  near  center. 
Stone,     1-2.4-4.1.      Fair    surface.     Top 

crushed.  Cement  fell  off  bottom  below 

metal. 
Stone,    1-3.4-4.1.      Fair   surface.       Top 

crushed.  Cement  fell  off  bottom  below 

metal. 
Stone,  1-3.4-4.1.     Filling  of  Rosendale, 

1;  sand,  2;  cinders,   10;  about  twelve 

days  old. 
Stone,  1-3.4-4.1.    Filling  of  Rosendale, 

14 

15 

16 

17 

18 

19 
SO 

8.47 

56.3 

28.35 

503 

21 

1;  sand,  3;  cinders,   lU;  about  twelve 
days  old.  • 
Gravel,    1-3-6.      Filling    like    Test   19. 

22 

- 

"-- 

Loaded  on  1  sq.  ft.   Concrete  feU  from 
bottom. 
Gravel,  1-3-6.    Filling  like  Test  19. 

23 
24 

8.31 

54.2 

16.5 

305 

Cinders,   1-3-5.      Filling    like    Test    19. 

Filling  somewhat  frozen. 
Cinders,    1-2-5.      Filling    like    Test    19. 

25 
26 

8.38 

55.2 

13.53 

246 

15.5 

Filling  somewhat  frozen. 
Cinders.    1-3-6.      Filling    like    Test    19. 

Bottom  much  scaled.    Top  not  frozen. 
Cinders,  1-3-6.   Filling  like  Test  19.  Bot- 

27 

28 

8.31 

54.2 

26.5 

490 

tom  much  scaled.    Top  not  frozen. 

Cinders,  1-2-5.  Metal  in  two  pieces, 
with  longitudinal  lap  of  i^  ins. 

Cinders,  1-3-5.  Metal  in  two  pieces,  with 
longitudinal  lap  of  2  ins.  Good  sur- 
face, bottom  cracked. 

1 
1 

634 
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31 

sa 

33 
34 

35 
36 


37 

38 
39 
40 


41 

4% 
43 
44 

45 

4:6 

47 

48 
49 
50 
51 
5-4 
63 

54 

59 

56 


42.0 
41.5 
42.0 
41.0 


120     42.0 
60     42.5 

60      42.0 
42.0 


42.5 
42.5 
43.0 
42.0 


30     60     42.0 


42.0 
42.0 
42.0 
•43.0 
45.5 


2.12 

2.06 
2.06 
2.06 


1.19 
1.13 
1.31 
1.19 


4.26 
4.44 


2.19  1.38  4.13 
2.5611.12,8.70 


2.69  1.19 


1.81  1.25 


1.81 

1.88 
1.81 


8.25 
3.37 


1.25  8.12  0.37 
1.56  3.7  0.0.5 
1.12  3.25  0.25 


0.25 
0.25 
0.12 

0.37 

0.12 

0.50 
0.12 


1.94  1.31  2.94  0.87 


1.81  1.50J3.31 


60  I  43.0 

60  41.0 
60  43.5 
72  !  42.5 


42.5 
43.0 
42.5 


42.0 
42.0 


120     42.0 


1.88 

1.88 

1.69 

2.0 

4.5 

4.37 

4.50 

4.50 
2.00 
2.00 
2.00 
2.12 

2.12 

2.00 

2.19 


1.253. 

i.sik 

1.56k 


1.56 
3.25 
3.37 


3.2510, 
3.0  '(), 
1.3814, 
1.25i4, 
1.12  3, 
1.12  3 


1.25 
1.06 


3.0 

4.06 


1.37  3.87 


0.75 

0.25 
0.50 
0.87 
0.25 


0.25 
0.12 
0.25 
0.37 


0.25 
0.13 
0.06 


0.65 
0.66 
1.38 
0.65 

1.94 

0.58 

0.58 
0.58 


0.58 
0.58 
0.58 
0.58 


0.58 

0.58 

0.58 

0.58 

0.58 

0.58 

0.58 

0.58 
0.58 
0.58 
0.58 
0.59 
0.65 

0.01 

0.64 

1.16 


d  ^ 

.22 
-3  2 

a  o 


2.1 
2.4 

2.70 
3.0 

2.7 
3.0 


2.6 
3.6 
2.6 
3.1 


3.1 

3.2 

3.1 

4.6 

3.6 

4.6 

2.6 
2.9 
3.3 
3.5 
2.1 
2.1 

1.3 

1.2 

2.5 


0.272.3  0.501 

0.272.4  0.621 

0.31  3.5  1.00 

0.30  3.0  0.56 


0.304.0 
0.16)4.5 


1.00  4.25 
0.75  3.4 


0.16  5.25  0.81'4.5 
0.163.7    0.503.0 


2.5    1.06'2.5 


2.4 


0.622.4 


not!....  3.7 
3.0   2.0   3.5 


0.25 


not  ....  4.3 


4.65  1.69  4. 6511.69 


1.06 
0.62 
1.50 
1.00 

1.50 


0.44,4.7   3.25  5.25 
0.19  3.8   3.25  4.25 


0.165.0    0.758.5  0.37lnot   ...    5.051.0 

0.16  5.950.75  5.0  0.335.5    1.12  5.95  0.75 

0.16!4.5    0.75  4.0  0.44  4.3    1.1)9  4.5    1.50 

0.16  5.2    0.50  4.5  0.314.75  1.35  5.2    0. 


0.81 
2.37 


0.16  6.0    0.50  6.0 


0.16 
0.16 


4.5 


0.1614.75 


0.16 
0.16 
0.16 


5.40 
5.6 
5.8 


0.50  5.6 

0.444.50 

0.753.9 

0.25'5.4 

0.755.5 

0.505.5 


0.30 
0.30 
0.80 


0.62 

0.56 
0.50 
0.33 
0.25 
0.44 
0.28 


not 

5.0 

4.0 

not 

5.5 

4.6 


6.0 

0.88  5.6 
1.25  4.6 
....4.90 
2.5   5.7 


3.5 


6.1    0.87 


5.75 
6.1 


0.16i5.0  10.75  .. 
O.IO'O.O  0.61  .. 
0.2(i!4.9  0.50  .. 
O.20I4.5  0.44  .. 
0.27  2.5  0.30  .. 
0.27  2.9    0.50  2.9    0.5 


1.001.8 

I 

1.001.9 
0.884.5 


0.75 
2.0 


5.4  .1.87 

5.5  2.75 


'5.4 
6.2 


0.50 

0.56 

1.00 

0.81 

2.0 

1.00 

0.87 

1.62 
1.50 


4.5   2.25  5.0  10.62 


4.5  1.50  4.60 
2.5  ;i.25  3.0 
2.5    1.002.9 


2.75  2.15 
2.25I2.O 


1.0   4.5   2.0   4.75 


1.0 

0.62 

0.50 


1.25 

1.5 

1.50 
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1 

§ 
Q 

1 
1 

(V 

1 

a 
E 
0^ 

■i 

p. 
>. 
H 

Cylinders. 

u 

I 

s 

8  . 

il 

5 

1 

o 

a 

£ 

3 

>3 

g 

Remarks.— All    loads    in    tliousands   of 

pounds.      All  dimensions  and  dertec- 

tions  in  inches. 
Tests  1  to  38,  both  inclusive,  made  with 

American  Portland  cement. 
Tests  34  to  56.  both  inclusive,  made  with 

slag  cement. 

39 

D 
D 
D 
D 

D 
A 

A 

A 

A 
A 
A 
A 

A 

A 

A 

A 

A 

C 

C 

C 
C 
A 
A 
A 
D 

D 

8.54 

57.2 

26.5 

464 

Cinders,  1-2-5,  Metal  in  four  pieces, 
lapping  714  ins,  longitudinally  and 
1  ft.  transversely,    (iood  surface. 

Cinders,   1-2-5,      Metal  in  four    pieces. 

30 
31 

3  1 

2.56 
2.75 

3.62 
2.5 

3.5 

3.25 

3.5 
1.31 
3.0 
1.75 

2.71 

1.06 
2.25 

2.0 

2.66 

3.87 

1.87 

2.75 
3  11 

1.62 
2.38 

3.00 

6!  88 
1.56 
1.37 

2.31 

0.75 
1.94 
1.62 
2.31 
3.56 
1.61 

1.75 
1.56 

lapped  6  ins,  longitudinally  and  trans- 
versely. 

Cinders,  1-2-5.  Metal  in  eight  pieces, 
doubled,  lapped  6  ins,  longituclinally, 
18  ins,  transversely.    Good  surface. 

Cinders,  1-2,4-6.  Metal  in  four  pieces, 
lapped  6  ins.  longitudinally,  18  ins, 
transversely.  Load  applied  at  two 
points,  dividing  span  into  three  equal 
parts. 

Stone,    1-3-5,      Metal    doubled   in  four 

3S  i2.5 

1 
33  3.00 

8.88 

55.2 

32.5     590 

34  4.0 

pieces,    lapped    18    ins.    transversely. 
Good  ti)p  surface,  crushed. 
This  and  all  remaining  tests  made  with 

35 

4  5 

slag  cement.   Cinders,  1-2.4-4.8.    Good 
surface.     Part  of  bottom  below  metal 
fell  off. 
Cinders,  1-2,4-4.8,    Good  surface.    Load 

36  3.8 

37  3.3 

8.63;58.5 

20.0  .  342 

on    1    sq,    ft.    Top   crushed,    bottom 

cracked. 
Cinders.    1-1.7^.2,      Bottom    blistered. 

Top  surface  good  and  crushed.    Metal 

strands  drawn  together. 
Cinders,  1-1,7-4,2. 

38  3.0 

39  3.8 

8.35  54.8 

40.0     730 

Stone,  1  -2.4-4.    Rough  top  surface. 
Stone,  1-2.4  4,    Top  slightly  crushed. 

40  4.2 

41  5.00 

8.48,56.7 

35.6    eis 

Gravel,  1-3-6,  Concrete  a  little  wet;  fine 
top  surface.  Crushed  on  top,  cracked 
below. 

Gravel,  1-3-6,    Concrete  a  little  wet;  fine 

4% 

3  5 

1 
! 

top  surface.    Crushed  on  top,  cracked 
below. 
Gravel,  1-2.4-4,9.    Fair  top  surface.  Top 

43 

3.5 

4.0 

5.0 

3.75 

5.3 

4.8 
5  0 

crushed. 
Gravel,  1-2.4-4,9.    Fair  top  surface.  Top 

44 

45 

8.35 

54.8 

40.0     730 

crushed. 
Gravel,  1-1.6-6.5,    A  little  moist.    Fair 

top  surface. 
Gravel,  1-1.6-6,5.     A  little  moist.    Fair 

46 
47 

8.2853.8   35.0     650 

top  surface. 
Gravel.  1-2.4-4.8.      Filling  like  Test  19, 

Top  crushed  in. 
Gravel,   1-2.4-4,8,     Filling  Uke  Test  19, 

4S 
49 

8.48  56.7    18.72   330 

15.5 

Top  crushed  in. 
Cinders.  1-1.6-4,    Filling  like  Test  19, 
Cinders,  1-1.6-4,    Filling  like  Test  19. 

50 
51 

5» 
53 

8.4756.3    43.0     765 

15.25 
15.25 

Cinders,  1-1.6-4. 

3.9 

2.94 

8.47 

56.3    43.0 


765 

Cinders.  1-1.6-4.     Bottom  cracked. 
Cinders,  1-1.6-4,     Good  surface. 

Cinders,  1-1.6-4,     (iood  surface.      Metal 

54 

in  four  pieces,   lapped,  14  ins.  trans- 
versely, and  4  ins.  longitudinally. 
Cinders,   1-1.6-4,     (Jood  surface.     Metal 

55 

1.0 
4.00 

3.0 
2.44 

1.75 

in  four  pieces,    lapped   15  ins.  trans- 
versely.   Edges  lifted. 
Cinders,  1-1,6-1,     (Jood  surface.    Metal 

56 

8.35 

54.8 

35.27 

645 

in  four  pieces,    lapped.  15  ins.   trans- 
versely.    Top  crushed.     Edges  lifted. 
Stone,  1-2,4-4,    Metal  doubled    in   four 
pieces,  lapped    24  ins,    transversely. 
Fair  surface. 
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DISC  USSION. 


Mr.  Lesley.  R.  W.  LESLEY,  Assoc.  Am.  Soc.  C.  E. — The  use  of  cinder  in  con- 
crete seems  to  bear  on  this  subject.  The  general  cinder,  from  either 
anthracite  or  bituminous  coal,  contains  a  considerable  amount  of  sul- 
phur, and  there  are  many  cases  where  this  substance  has  been  known 
to  rust  iron  jiipe  and  cause  all  sorts  of  trouble.  How  far  have  these 
experiments  demonstrated  the  action  of  the  cinder  upon  this  iron, 
which  is  depended  uiaon  for  tension  in  these  various  spans  "?  This  is 
a  vital  question,  if  the  concrete  is  loaded  beyond  its  maximum  and  is 
depending  upon  the  metal  beneath  it,  and  if  the  metal  in  turn  is  suf- 
fering from  the  action  of  the  sulphur  on  the  iron.  It  is  a  well-known 
fact  that  ashes  have  injured  iron  around  which  they  have  been  placed. 
Around  the  works  of  the  speaker's  company,  jsipes  which  have  been 
imbedded  in  ashes  or  ordinary  cinders  have  been  corroded.  For  that 
reason  the  speaker  would  not  advise  the  use  of  cinders  with  iron.  He 
also  doubts  the  wisdom  of  using  a  limestone  in  concrete  for  fire-proof- 
ing. If  the  floors  in  a  large  building  are  made  of  limestone  concrete 
and  a  fire  occurs,  might  not  the  limestone  be  converted  into  lime,  or 
something  apj^roachinglime,  and  this  limebe  slacked  when  the  hose  is 
turned  on  ?  This  is  a  question  which  has  never  been  determined,  and 
the  si^eaker  merely  mentions  it  as  a  possibility.  It  would  not  apply, 
of  course,  when  slag  was  used  or  any  rock  formed  in  Nature  by  the 
action  of  fire. 

The  number  of  calculations  of  the  strength  of  concrete  beams 
seems  to  be  rather  meager.  For  instance,  in  one  of  the  discussions  of 
this  paper  it  is  stated  that  in  the  literature  on  this  subject  there  are 
only  two  calculations  of  the  strength  of  iron  and  steel  and  concrete 
beams.  The  literature  of  France  is  full  of  such  calculations.  One 
pviblication,  Le  Giinent,  is  devoted  almost  entirely  to  iron  and  concrete 
construction,  which  has  grown  very  rapidly  in  France.  Each  issue 
contains  calculations  relative  to  every  conceivable  use  of  concrete  con- 
struction. The  same  may  be  said  of  the  proceedings  of  the  German 
Society  of  Cement  Manufacturers.  They  have,  in  their  ijublications, 
a  great  number  of  calculations  of  the  strength  of  these  materials  for 
different  uses. 

The  idea  of  using  expanded  metal  in  the  way  described  in  the  paper 
is  interesting  from  the  fact  that  the  good  results  of  keying  plaster  to 
ordinary  lath  are  well  known.  By  the  use  of  expanded  metal,  not  only  is 
the  strength  of  the  cement  utilized,  but  the  keying  of  the  cement  to  the 
back  of  the  metallic  lath  is  also  obtained.  Expanded  metal  is  a  very 
good  material  for  this  purpose,  but  it  should  T)e  used  with  the  best 
concrete  obtainable  and  not  with  an  inferior  or  doubtful  material 
which  might  induce  a  possible  failure. 
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Calvin  Tomkins,  Assoc.  Am.  Soc.  C.  E. — A  large  part  of  the  concrete  Mr.  Xomkins. 
used  in  New  York  City  is  made  with  limestone.  The  speaker  believes 
that  if  there  is  any  question  in  the  matter  at  all,  the  use  of  limestone, 
rather  than  proving  a  disadvantage,  would  prove  advantageous,  as 
against  tire.  Granite  and  trap-rock  are  likely  to  be  adversely  affected 
by  fire,  since  the  interior  moisture  in  these  stones  expands  and  bursts 
them.  However,  in  the  case  of  limestone  subjected  to  great  heat,  the 
cai'bonate  of  lime  is  converted  into  lime  from  without  inwards,  and  in 
the  course  of  this  process  a  large  amount  of  heat  is  used  up  in  effecting 
a  chemical  change.  Plaster-of-paris  is  used  as  a  fire-prooting  material 
for  the  same  reason.  When  heated,  the  water  of  crystallization  is  car- 
ried off,  and  heat  is  absorbed  in  that  way.  In  the  case  of  limestone, 
the  action  is  similar,  and  long  before  the  limestone  itself  has  been  con- 
verted into  lime,  the  iron  in  the  building  will  have  lost  its  properties 
under  continued  red  heat.  To  the  extent  that  iron  construction  is 
covered  with  limestone  concrete,  it  is  to  that  extent  covered  by  a  fire- 
proof covering.  In  the  opinion  of  the  speaker,  a  fire  of  sufficient  in- 
tensity to  convert  carbonate  of  lime  into  lime  would  destroy  the  whole 
structure  before  it  would  materially  injure  the  concrete  alone. 

J.  S.  Mebkitt,  Esq. — In  cases  where  pipes  are  imbedded  in  cinder  Mr.  Merritt. 
concrete,  if  the  mixture  has  been  properly  made,  the  cement  covers 
up  the  sulphur  so  that  it  does  not  come  in  contact  with  the  metal. 
The  speaker  had  seen  steel  which  had  been  imbedded  in  cinder  concrete 
for  about  five  years,  and  when  taken  out  was  as  clean  as  when  it  was 
put  in.     The  amount  of  sulphur  in  the  cinder  was  not  determined. 

The  efiect  of  limestone  on  iron  has  been  discussed  recently  in 
technical  papers,  and  the  conclusion  has  been  that  if  the  concrete  is 
properly  mixed  the  cement  coats  every  particle  of  the  sand,  cinder  or 
whatever  material  is  used,  and  protects  the  iron  from  attack. 

F.  S.  Washbukn,  M.  Am.  Soc.  C.  E. — Comment  has  been  made  on  Mr.  Washburn, 
the  variable  strengths  of  the  cinder  slabs  used  in  the  author's  tests. 
The  table  of  tests  shows  that  a  great  many  of  the  slabs  failed  by 
crushing  on  toj).  This  crushing  was  confined  probably  to  a  small 
area  in  which  the  maximum  strain  would  occur.  Theoretically,  it 
would  occur  along  a  line  or  at  a  point.  That  fact,  together  with  the 
method  of  mixing,  which  the  speaker  thoiight  was  not  as  careful  as  is 
customary  for  first-class  work,  might  explain  this  variation.  It  seems 
that  the  dry  cement  and  sand  were  mixed  by  one  turning  with 
the  shovel.  Then  the  stone,  gravel  and  cinders  were  added.  The 
mixture  of  sand,  cement  and  stone,  gravel  and  cinders,  was  turned 
(mly  once.  It  was  then  raked  down  from  a  heap  into  a  bed.  The 
speaker  has  noticed  in  some  cases  that  raking  down  results  not  in  a 
mixing,  but  in  a  partial  sej^aration  of  the  materials  of  the  concrete, 
particularly  if  the  mixture  is  still  di-y,  being  due  to  the  different  sizes 
of  the  materials,  the  heavy  particles  going  to  the  bottom. 
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Mr.  Washburn.  After  the  materials  were  wet,  they  were  then  turned  only  once.  Is 
it  not  conceivable  that  in  the  material,  or  in  the  same  batch  or  smaller 
batches  made  at  different  times,  there  were  masses  or  spots  where  pos- 
sibly there  was  very  little  cement?  Those  batches  with  such.  8i3ot8 
may  have  been  placed  in  the  slabs  at  the  point  of  maximum  stress,  and 
in  such  cases  the  tests  would  show  the  slabs  to  be  comparatively  weak. 
Mr.  Dunham.  H.  F.  DuNHAM,  M.  Am.  Soc.  C.  E. — The  elaborate  formulas,  equa- 
tions and  assumptions  that  are  made  in  regard  to  this  subject  are  not 
held  in  very  high  regard  by  the  speaker.  Many  engineers  have  seen  so- 
called  good  work,  where  concrete  and  steel  were  associated,  taken  down 
after  it  had  been  in  place  a  number  of  years,  and  few  of  them  would 
recommend  introducing  for  jjermanent  construction  any  form  in  which 
it  would  be  necessary  to  dejiend  upon  No.  10  steel  in  shreds  imbedded  in 
concrete.  Permanent  loads,  in  excess  of  those  which  might  be  properly 
applied  to  concrete  of  the  thickness  described  and  without  reference  to 
the  steel  introduced  in  it,  should  not  be  placed  on  such  construction. 
Mr.  Men-iman.  Mansfield  Mekeiman,  M.  Am.  Soc.  C.  E. — An  important  question, 
which  has  not  been  touched  upon  in  the  paper,  relates  to  the  percent- 
age of  strength  given  to  the  beam  by  the  introduction  of  expanded 
metal.  Were  any  tests  made  of  slabs  otherwise  similar  in  character, 
one  kind  containing  the  expanded  metal  and  the  other  not  ?  If  so, 
what  was  the  increase  in  strength  due  to  the  expanded  metal  ? 
Mr.  ORourke.  JoHN  F.  O'RouKKE,  M.  Am.  Soc.  C.  E. — Some  time  ago  jjlans  for 
floors  similar  to  those  described  in  the  paper  were  submitted  to  the 
speaker  for  his  examination.  The  floors  were  intended  for  a  building, 
the  plans  of  which  were  then  being  considered  by  the  Building  De- 
partment of  New  York  City.  The  speaker  was  requested  to  write  a 
letter  to  the  Superintendent  of  Buildings  if  his  examination  was 
satisfactory.  He  calculated  the  strength  of  the  floors  as  closely  as  he 
could  with  the  formulas  at  his  disposal,  and  found  that  they  had  only 
about  one-twelfth  of  the  requisite  strength.  Some  time  later,  upon 
inquiry  he  found  that  an  exi^erimental  arch  had  been  built  and  tested; 
that  it  had  stood  the  test,  and  that  the  plans  had  been  accepted. 

The  materials  in  such  arches  are  so  radically  different  that  in  com- 
puting their  relations  to  one  another  as  to  their  moduli  there  may  be 
considerable  error. 

The  author's  formulas  can  only  be  proved  to  be  correct  by  experi- 
ment. With  an  iron  rod  at  the  bottom  of  the  concrete  beam,  instead 
of  the  expanded  metal,  the  conditions  are  very  much  the  same  as  they 
would  be  with  an  iron  rod  at  the  bottom  of  a  wooden  beam ;  and  in 
the  latter,  which  is  understood  a  little  better  than  the  concrete,  there 
is  a  certain  amount  of  the  wood  fiber  in  compression  in  the  bottom 
part.  There  is  also  a  certain  part  of  the  fiber  in  tension  at  the  same 
time  that  the  steel  is  in  tension.  This  jjasses  ])ractically  out  of  ten- 
sion when  the  elastic  properties  of  the  wood  step  in  to  stop  taking  up 
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any  more  stress,  and  dependence  has  to  be  jjlaced  altogether  on  the  Mr.  O'Rourke. 
strength  of  the  steel,  which  has  perhaps  thirty  times  the  stiifness  or 
lack  of  elasticity.  This  is  also  the  case  with  expanded  metal.  Actual 
results  must  be  obtained  by  numerous  exjDeriments.  Meanwhile,  the 
author's  formulas,  which  are  correct  in  form,  and  which  agree  with 
the  results  of  experiments,  may  be  used. 

In  giving  the  results  of  this  series  of  exi)eriments,  so  difterent  from 
any  theories  on  the  subject,  the  author  has  conferred  a  benefit  on  the 
l)rofession,  and  should  be  encouraged  to  continue  his  experiments. 

Guy  B.  Waite,  Assoc.  M.  Am.   800.  C.  E. — The  data  jiroduced  by  Mr.  Waite. 
the  author,  through  these  elaborate  experiments  on  composite  fire-])roof 
floor  construction,  is  extremely  interesting  at  a  time  when  so  much  at- 
tention is  being  given  to  the  various  combinations  of  concrete  and  iron. 

From  the  2)ainstaking  and  conscientious  records  of  the  materials 
used,  their  manii)ulation,  and  their  behavior  at  the  various  stages  of 
the  tests,  one  can  form  a  good  judgment  of  the  characteristics  and 
of  the  proper  uses  of  this  and  of  similar  forms  of  construction. 

Passing  over  the  consideration  of  the  theoretical  part  of  the  jjaper 
to  the  more  i^ractical  part,  one  is  imi)ressed  Avith  the  great  variations 
shown  in  the  maximum  strengths  of  the  various  pieces  of  similar 
materials  tested.  This  is  especially  noticeable  with  the  cinder  con- 
cretes in  Table  No.  3,  where,  under  similar  conditions,  the  maximum 
load  borne  by  some  pieces  is  about  three  times  that  borne  by  others. 

It  is  not  surprising  that  cinder  concrete  should  show  a  wide  varia. 
tion  in  strength,  as  homogeueousness,  which  is  necessary  to  form  a 
uniformly  substantial  base  for  making  a  strong  concrete,  is  lacking  in 
the  cinders  used.  It  is  somewhat  surprising,  however,  to  note  that 
the  best  cinder  concretes  withstood  loads  nearly  as  great  as'  the  best 
stone  concretes. 

It  is  believed  that  these  tests  show  conclusively  that  in  practict 
there  is  too  wide  a  variation  and  too  much  uncertainty  in  the  action  of 
the  composite  construction  to  warrant  its  use  with  practically  the  same 
uniformity  and  for  the  same  purjioses  as  steel  beams  are  now  used. 

The  introduction  of  construction  of  this  character  for  long  spans, 
as  proposed  by  the  author  in  Table  No.  2,  is  objected  to,  both  on  the 
ground  of  questionable  construction  and  of  economy  in  the  weight 
and  cost  of  the  necessary  materials  as  set  forth  in  the  paper. 

The  working  strains  assumed  by  the  author  seem  conservative  for 
good  concretes,  but  they  are  based  on  the  tests  submitted  and  on 
a  factor  of  safety  of  only  5.  In  actual  construction,  without  the  con- 
stant supervision  of  a  competent  jjerson,  it  is  doubtful  whether  more 
uniform  results  than  those  of  the  author  could  be  obtained. 

Taking  an  average  of  those  deflections  submitted  which  are  within 
the  elastic  limit,  and  using  the  modulus  of  elasticity  thus  obtained, 
the  longer  sjjans  given  in  Table  No.  2  will  have  deflections  greatly 
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Mr.  Waite.  exceeding  that  allowed  in  good  construction,  unless  it  can  be  shown 
clearly  that  in  every  case  the  construction  will  ijositively  be  made 
fixed  at  each  end— or  truly  continuous  over  supports.  When  steel 
beams  were  sold  for  about  twice  their  present  price,  there  was,  per- 
haps, economy  in  using  the  material  composing  the  floor  construction 
as  a  compression  member,  as  in  the  "Ransome"  and  the  "Lee" 
systems  of  construction,  wdaere  steel  tension  members  are  united  re- 
spectively with  concrete  and  with  burned  clay,  floor-compression  mem- 
bers, but  with  current  larices  for  steel  beams  there  is  no  such  advan- 
tage, as  will  presently  be  shown.  Taking  the  author's  safe  working 
value  for  compression  on  stone  concrete  at  150  lbs.  per  square  inch, 
and  assuming  the  allowed  working  compression  on  the  extreme  fiber 
of  steel  beams  at  IG  000  lbs.  per  square  inch  the  comparative  values  of 
equal  sections  of  the  two  kinds  of  materials  will  be  as  1  :  107. 

Assuming  that  stone  concrete,  such  as  the  author  used  for  the 
experiments,  can  be  furnished  and  put  in  place  in  the  floor  complete 
(irrespective  of  temporary  centers)  for  20  cents  per  cubic  foot,  and 
that  the  steel  beams  are  to  cost  2  cents  per  pound,*  the  relative 
costs  of  the  two  materials,  considering  equal  quantities,  will  be  as 
1  :  48^77.  Therefore,  with  the  above  assumptions,  the  actual  compara- 
tive economical  values  of  the  steel  beams  and  the  concrete  for  compres- 
sion members  will  be  as  48  n,- :  107,  or,  in  other  words,  the  steel  beam  will 
do  about  2i  times  the  work  of  the  concrete  at  a  given  cost  "without  con- 
sidering the  more  economical  cross -section  of  the  I-shaped  steel  beam. 
For  comparing  the  economy  in  the  moments  of  inertia  of  the  steel  beam 
and  of  the  solid  concrete,  take,  for  example,  an  8-in.  18-lb.  per  foot  X- 
beam,  having  a  sectional  area  of  5.4  sq.  ins.,  and  a  moment  of  inertia  of 
57.8,  and  compare  it  with  5.4  sq.  ins.  of  solid  concrete  Sins,  deep,  having 
a  moment  of  inertia  of  28.8,  and  it  will  be  seen  that  the  economy  of  the 
sectional  areas  is  as  1  :  2. 

Therefore,  everything  considered,  the  real  theoretical  comparison 
of  the  economical  values  of  concrete  and  steel  X-l^^eams  is  approximately 
2g-  X  2  =:  4f ;  that  is,  the  steel  beam  will  carry  in  compression  the  same 
load  as  a  given  concrete  beam  at  one -quarter  of  the  cost.  With 
cinder  concrete  the  advantages  of  the  steel  will  be  still  more  apparent. 

For  the  tensional  part  of  the  materials  considered,  which,  in  the  com- 
posite construction,  is  taken  up  by  expanded  metal,  twisted  wire,  rods, 
or  cables,  it  seems  hardly  necessary  to  prove  that,  at  the  prices  above 
assumed,  rolled  steel  beams  can  be  used  much  more  economically  for 
taking  tensional  stresses  than  any  of  the  other  materials  referred  to. 

For  the  sake  of  giving  the  most  liberal  comparison,  however,  let  it 

be  assumed  that  the  tensional  part  of  the  two  classes  of  construction 

can  be  used  at  the  same  cost  and  let  the  comparison  for  economy  be 

based   entirely  on  the   compression.     Then  the   cost    of  steel  beams 

*  At  present  they  can  be  furnished  and  placed  in  the  floor,  complete,  for  consider- 
ably less  than  this  price. 


DISCUSSION    ON    STKP]L   CONCRETE    CONSTRUCTION.  641 

would  be  one-quarter  of  the  theoretical  cost  of  concrete,  each  having  Mr.  Waite. 
the  same   depth  when    both  materials  are  engaged  to  their  working 
limits  in  a  floor  construction. 

It  will  be  contended  that  a  floor  construction  of  some  kind  must  be 
used  between  steel  beams  in  any  case,  and  that  it  will  be  economical 
to  harness  it  up  and  use  it  in  the  way  the  author  prescribes ;  that  is 
really  the  i>ractical  destination  to  which  this  argument  is  intended  to 
be  directed,  to  show  that  there  are  practical  and  economical  limita- 
tions in  the  manner  of  using  the  author's  construction.  To  com- 
pare the  practical  values  of  this  construction,  having  the  long  spans 
shown  in  Table  No.  2,  with  the  steel-beam  construction,  having  ordinary 
spacings  filled  with  the  author's  or  with  other  concrete  construction, 
take  the  case  shown  in  the  table,  having  175  lbs.  per  square  foot  live 
load  and  15  ft.  span. 

With  this  span  the  concrete  is  10  ins.  thick,  but  with  a  5-ft.  sjjan  the 
concrete  is  5  ins.  thick,  and  as  the  tensional  part  of  the  author's  con- 
struction is  assumed  at  the  same  cost  as  the  lower  or  tensional  half  of 
the  steel  beams,  as  heretofore  set  forth,  the  following  comparison  of 
the  relative  costs  of  the  author's  construction,  and  of  the  steel  I-beam 
construction,  for  the  15-ft.  sj^an  may  be  made. 

A  10-in.  I-beam,  18  lbs.  per  foot,  when  sjjaced  at  5-ft.  centers 
over  a  clear  span  of  15  ft.,  will  carry  232  lbs.  per  square  foot,  and,  ac- 
cording to  the  table,  the  thickness  of  concrete  necessary  for  this  span 
is  only  5  ins.  Hence,  by  using  the  5-ft.  sj^aced  I-beam  construction, 
rather  than  the  15-ft.  span  concrete  construction,  the  saving  in  con- 
crete will  be  -i\-  X  5  X  15  ft.  =  31^  cu.  ft.,  which,  at  20  cents  per 
cubic  foot,  =  $6.25. 

Assuming  that  a  10-in.  I-beam,  25  lbs.  per  square  foot,  is  used,  the 
weight  of  the  steel  for  the  clear  span  considered  will  be  375  lbs. 

The  extra  cost  of  one-half  of  this  weight  (the  compression  part), 
or  188  lbs.,  is  to  be  compared  with  the  saving  in  concrete  above  de- 
termined. This  188  lbs.  of  steel,  at  the  rate  j^reviously  assumed, 
2  cents  per  pound,  will  cost  S3. 75. 

Therefore,  it  is  seen  that,  with  the  longest  spans  shown  in  Table 
No.  2,  the  author's  construction  would  not  be  economical,  when  com- 
pared with  steel  beams  and  short  arches.  The  other  work  connected 
with  the  author's  construction,  Avhich  has  not  here  been  considered,  is 
about  the  same,  whether  the  concrete  is  5  ins.  or  10  ins.  thick. 

Theoretically,  there  will  be  a  certain  spacing  of  the  floor  beams, 
connected  with  diff'erent  loadings,  which  will  give  a  thickness  of  con- 
crete between  the  beams  of  minimum  cost  to  both  steel  beams  and  to 
concrete  combined. 

Hence,  by  using  the  5-ft.  spaced  I-beam  construction,  rather  than 
the  15-ft.  span  concrete  construction,  the  saving  in  concrete  will  be 
-,\  X  5  X  15ft.  =31i  cu.  ft.,  which,  at  20  cents  per  cubic  foot,  =$6.25. 
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J.  B.  Johnson.  J.  B.  JoHNSON,  M.  Am.  Soc.  C.  E. — The  writer  has  tried  to  read  the 
theoretical  part  of  this  pajjer,  beginning  on  page  628,  but  finds  diffi- 
culties in  doing  so.  The  subject  is  a  new  one  and  is  as  imi^ortant  as 
it  is  new,  and  hence  of  great  practical  interest  to  engineers.  The 
writer  knows  of  but  two  published  analyses  for  the  strength  of  a  com- 
bined steel  and  concrete  beam.*  While  these  two  investigations  pro- 
ceeded on  entirely  distinct  lines,  the  resulting  equations  are  identical, 
and  he  thinks  quite  correct,  inside  the  elastic  strength  of  the  concrete, 
which  is  practically  its  ultimate  strength  in  tension.  In  other  words, 
these  analyses  give  the  strength  of  steel-concrete  beams  up  to  the  time 
the  concrete  cracks  on  the  tension  side.  For  the  ultimate  strength  of 
such  beams,  which  is  some  three  times  that  developed  when  the  con- 
crete cracks,  the  writer  gave  an  analysis  at  the  meeting  of  the  Ameri- 
can Association  for  the  Advancement  of  Science,  in  August,  1897.  f  In 
none  of  these,  however,  was  the  theory  applied  to  the  use  of  expanded 
metal,  and  such  an  application  is  esisecially  difficult,  becaiise  of  the 
extreme  variations  in  the  cinder  concrete,  commonly  used  for  floors, 
and  also  as  to  the  modulus  of  elasticity  of  expanded  metal  when  em- 
bedded in  such  concrete.  It  is  jjrobable  that  this  could  only  be  de- 
termined by  making  tests  of  slabs  of  cinder  concrete  with  and  without 
expanded  metal  embedded  therein.  It  Avould  seem,  therefore,  that 
the  data  is  not  yet  at  hand  to  enable  working  formulas  to  be  derived 
for  the  designing  of  such  beams  as  were  here  tested,  at  least  for  eval- 
uating the  constants  in  such  a  formula.  A  theoretical  formula  might, 
however,  be  derived,  as  those  cited  above,  and  tests  made  to  determine 
the  vahies  of  the  constants  used. 

The  author  seems  to  have  become  confused  as  to  resisting  stresses 
and    the    moments    of    those   stresses.       Thus    he    says    (page    629) 

that  the  "  compression  is  represented  by —^ — ."      He  has  just  stated 

that  "the  compression  in  the  concrete  above  the  neutral  axis  must 
equal  the  tension  below  that  axis,  "which  is  correct  (the  author  giving 
an  entirely  erroneous  reason  for  this  equality,  however),  and  he  here 
uses  the  terms  compression  and  tension  correctly.     When  he  next  uses 

them,  however,  he  appears  to  regard  them  as  moments,  since  — - —  is 

o 

the  moment  of  the  compressive  stress  about  the  neutral  axis. 

The  assumption  is  also  made  that  the  steel  reaches  its  working 

stress  simultaneously  with  that  of  the  concrete  in  tension.     They  do, 

in  fact,  deform  equally,  and,  because  of  this  equal  deformation,  their 

*J.  B.  Johnson  in  Engineering  Neics,  January  3(1,  189.5;  elaborated  in  "Materials  of 
Construction,"  by  J.  B.  Johnson.    Also  "  Baumaterialen-kunde."  by  Julius  Mandl. 
t  Published  in  Engineering  News  of  October  21st.  1897. 
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stresses  are  as  tlieir  relative  moduli  of  elasticity.  While  the  modulus  j.  b.  Johnson, 
of  elasticity  of  cinder  concrete  is  uukuowu,  it  is  certainly  (juite  vari- 
able and  very  low;  it  is  less  than  1  OOD  000  and  possibly  may  be  as  low 
as  100  000.  This  means*  that  the  tensile  stress  in  the  expanded  metal 
will  be  from  30  to  300  times  as  much  per  square  inch  as  that  in  the 
concrete,  but  these  relative  stresses  cannot  be  taken  at  pleasure  on  the 
assumption  that  they  will  come  to  their  respective  workiupj  limits  at 
the  same  time,  as  is  done  in  this  i^aper. 

Formula  (2)  is  based  on  the  assumption  that  the  moments  of  the 
stresses  on  the  two  sides  of  the  neutral  axis  are  equal  to  each  other, 
which  is  never  the  case  in  a  composite  steel-concrete  beam.  No  reason 
is  assif^ned  for  the  correctness  of  formula  (3),  and  there  is  no  evident 
rational  determination  for  it. 

The  writer  cannot  but  regard  the  theoretical  ])art  of  this  paper, 
therefore,  as  erroneous  and  misleading. 

A.  L.  Johnson,  Assoc.  M.  Am.  Soc.  C.  E. — As  engineer  of  the  St.  A.L.Johnson 
Louis  Expanded  Metal  Fireproofing  Company,  the  writer  is  much 
interested  in  the  subject  of  this  paper.  Though  asked  by  associates 
in  the  East  to  participate  in  these  tests,  the  writer's  company  was  not 
represented.  The  results  obtained  were  far  from  satisfactory,  being 
seldom  more  than  one-third  of  the  true  strength  as  obtained  by  tests 
of  the  same  age  and  mixture  of  concrete,  upon  panels  of  a  floor  in  a 
building. 


^.— WOOD  STRIP 


000  STRIPS - 

COtiCSETEj" 


The  St.  Louis  Expanded  Metal  Fireproofing  Company's  tests,  made 
during  the  last  three  years,  show  for  a  flat  arch  (Fig.  14),  composed 
of  cinder  concrete,  mixed  in  the  j)roportions  of  one  of  cement,  two  of 
sand  and  five  of  cinders,  and  using  No.  16  gauge,  2^-in.  mesh,  ex- 
panded metal,  on  a  span  of  6  ft.  9  ins. ,  a  strength  averaging  700  lbs. 
per  square  foot,  unifoi'mly  distributed  over  the  whole  surface.  As 
opposed  to  this,  the  tests  reported  in  the  paper  show  for  a  6-ft.  span, 


644     COREESPONDENCE   ON    STEEL   CONCRETE    CONSTRUCTION. 

A.  L.  Johnson.  4^^  ins.  thick,  with  metal  of  No.  10  gauge,  3-iu.  mesh  (the  latter  being 
20"^  stronger  than  the  metal  used  in  the  above  test),  and  of  the  same 
mixture  of  concrete  (see  test  No.  61),  a  strength  of  only  330  lbs.  per 
square  foot,  a  result  certainly  very  disappointing  to  the  manufactur- 
ers, especially  as  it  is  so  much  less  than  the  real  value  of  the  con- 
struction. 

There  are,  probably,  three  elements  which  contribute  to  this 
disastrous  result.     These  are: 

1st.  The  incorrect  location  of  the  exi^anded  metal  in  the  slab. 

2d.  The  failure  to  test  the  construction  as  actually  employed  in 
a  building. 

3d.  The  conditions  of  the  weather  between  the  time  of  mixing  the 
concrete  and  the  testing  of  the  panels,  during  a  large  portion  of  which 
time  the  thermometer  was  from  2^  to  11°  below  the  freezing  jioint. 

With  regard  to  the  first  element,  it  is  highly  important  that  the 
expanded  metal  should  be  placed  as  low  as  possible  in  the  concrete 
beam,  so  as  to  develop  the  tensile  strength  of  the  steel  used.  In  the 
construction  of  this  work  it  is  customary  to  lay  the  expanded  metal 
directly  upon  the  centering  before  doing  any  concreting,  excepting  in 
the  haunches  along  the  beams,  as  the  metal  is  so  constructed  that 
when  lying  on  the  centering,  or  any  flat  surface,  it  touches  only  at 
the  points  where  the  strands  unite.  It  is  practicable  to  do  this,  and 
yet  have  the  metal  entirely  covered  by  the  concrete  after  it  is  put  in 
position.  The  increase  of  strength  due  to  the  metal  is  directly  pro- 
portional to  its  distance  from  the  neutral  axis  of  the  concrete  beam, 
the  increase  being  zero  if  placed  in  the  middle  of  the  slab. 

An  examination  of  column  "  (i? "  of  Table  No.  3  of  the  paj^er  would 
seem  to  indicate  that  in  a  majority  of  the  cases  the  metal  had  been 
placed  in  this  way,  as  j-  in.  would  represent  the  distance  from  the 
underside  of  the  slab  to  the  middle  of  the  expanded  metal  when 
properly  constructed.  Many  of  the  tests  are  so  far  from  developing 
the  theoretical  strength  for  such  construction,  this  theoretical  sti-ength 
conforming  closely  to  results  which  have  been  obtained  by  actual 
tests,  that  the  writer  is  disposed  to  discredit  the  accuracy  of  the 
values  given  in  this  column. 

The  second  element  is  also  of  great  importance.  As  actually 
placed  the  construction  would  have  haunches  built  down  ui)on  the 
webs  of  the  beams,  and  the  majority  of  the  construction  would  have 
panels  on  either  side.  Now,  while  the  writer  has  developed  a  formula 
(to  follow  herein)  which,  as  he  has  said,  checks  with  the  practical 
results  obtained  from  tests  on  slabs  of  this  combined  construction 
when  simjily  supported  at  the  ends,  the  actual  test  on  a  middle 
panel  in  a  floor,  will  give  results  on  the  average  about  twice  as  great 
as  obtained  by  this  formula  or  as  obtained  from  tests  on  isolated  slabs 
supported  at  the  ends.     This  is  due  to  the  development  in  the  floor 
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panel  of  a  segmental  arching  action  within  the  thickness  of  the  slab  A.  L.  Johnson, 
itself,  the  floor  on  each  side  taking  up  the  thrust.     The  wall  panels, 
of  course,  would  not  develop  as  great  a  strength  as  this  unless  the 
walls  were  quite  heavy,  but  these  panels  might  be  made  of  different 
construction  to  provide  for  this. 

With  regard  to  the  third  element,  the  state  of  the  weather,  it  will 
be  seen  from  an  examination  of  the  dates  (none  of  which  are  given  in 
the  paper,  but  are  given  in  a  monograph  report  published  by  the 
Expanded  Metal  Companies)  that  much  of  the  concreting  was  done 
on  days  when  freezing  occurred.  Even  if  it  was  not  freezing  at  the 
time  the  concrete  was  being  mixed,  it  would  nevertheless  be  affected 
by  the  low  temperature  to  the  extent  of  very  materially  delaying  the 
time  of  setting,  as  well  as  its  rate  of  increase  in  strength  after  setting. 
This  is  shown  by  the  diagram.  Fig.  15.* 

The  material  was  certainly  extremely  irregular  in  its  quality,  which 
is  best  shown  by  an  inspection  of  the  results  obtained  from  the  com- 
pression tests  included  in  Table  No.  3. 
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GRAPHICAL  REPRESENTATION  OF  THE  RATE  OF  SETTING  OF  PORTLAND 
CEMENT  AT  VARIOUS  TEMPERATURES 

Fig.  15. 

For  example,  test  No.  5,  stone  concrete  mixed  1:3:6,  gave  a 
compressive  strength  of  398  lbs.  per  square  inch,  while  test  No.  7, 
combined  stone  and  gravel,  mixed  1  :  2  :  10,  gave  a  compressive 
strength  of  625  lbs.  per  square  inch  ;  that  is  to  say,  a  considerably 
weaker  mixture  showed  about  60%  more  strength. 

Test  No.  23,  cinder  concrete,  1:2:5  gave  305  lbs.  per  square 
inch,  while  test  No.  27  of  the  same  mixture  gave  490  lbs.  per  square 
inch.  Test  No.  48,  cinder  concrete  mixed  1  :  1.6  :  4  showed  a  strength 
of  330  lbs.  per  square  inch,  while  tests  Nos.  50  and  51  on  exactly  the 
same  mixture  gave  a  strength  of  765  lbs.  per  square  inch,  or  about  'l\ 
times  as  much. 

Test  No.  1,  cinder  concrete  mixed  1:3:6  gave  292  lbs.  per  square 
inch,  while  test  No.  32,  1  :  2.4  :  6,  or  practically  the  same  mixture, 
gave  590  lbs.  per  square  inch. 

*  See  Johnson's  "  Materials  of  Construction.  " 
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A.  L.  Johnson.  In  Fig.  16,  the  writer  presents  a  diagram  which  he  has  had  for 
about  two  years,  giving  the  strength  of  various  mixtures  of  cinder 
concrete,  the  broken  lines  being  the  strength  at  28  days  and  the  full 
lines  the  estimated  strength  at  the  end  of  six  months.  Upon  this 
diagram  he  has  plotted  the  tests  made  by  the  author. 

The  diagram  contains  all  the  writer's  experiments,  which  are  in- 
dicated by  small  circles,  and  each  of  which  is  the  mean  of  two  results. 
The  results  obtained  by  the  author  are  indicated  by  crosses. 

While  the  writer's  tests  grow  uniformly  weaker,  as  the  proportion 
of  cement  decreases,  as  shoiild  be  the  case,  it  will  be  seen  that  the 
results  given  in  the  paper  exhibit  a  very  great  degree  of  irregularity 
in  this  regard,  and  are  also  materially  below  the  results  obtained  by 
the  writer.      The  author's  results  certainly  indicate  extremely  poor 
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handling  in  some  way.  Concrete,  with  the  most  ordinary  kind  of 
treatment,  ought  not  to  vary  more  than  20%"  in  strength,  and,  with  the 
care  usually  demanded  and  exercised,  will  give  results  in  which  the 
extreme  values  will  not  differ  more  than  lOj?^,  while  some  of  the 
author's  vary  considerably  more  than  100  per  cent. 

A  discussion  of  the  theory  of  the  moment  of  resistance  of  this  class 
of  construction,  evolved  by  the  writer  about  a  year  ago,  which  is  pre- 
sented herewith,  is  offered  as  a  siibstitute  for  the  equations  derived  by 
the  author,  and  which  are  regarded  as  very  far  from  expressing  the 
true  conditions. 

This  discussion  was  developed  for  the  Eansome  system  of  floor 
construction,  upon  the  hypothesis  that  the  bond  between  the  concrete 
and  the  twisted  rods  remained  unbroken.     This  is  true  when  the  floor- 
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ing  is  first  built,  but  in   mauy  cases  it  is  ultimately  broken  by  vilira-  a.  L.  Johnson, 
tions  and  shocks.     The  formulas,  however,  are  apjilicable  to  the  ex- 
panded metal  construction  for  all  time,  as,  owing  to  the  shape  of  the 
metal,  dependence  is  not  placed  ujion  this  adhesion.     To  adapt  the 
formulas,  therefore,  to  the  expanded   metal  construction,  it  is  only 

necessary  to  properly  evaluate  the  quantity  — 
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Fig.  17. 

Let    E,.  =  modulus  of  elasticity  of  concrete,  in  pounds  per  square 
inch. 

E^  =  modulus  of  elasticity  of  steel,  in  pounds  per  square  inch. 

/     =  cross  breaking  modulus  of  rupture  for  concrete  beams. 
*F  =  the  elastic  limit  of  steel,  in  pounds  per  square  inch. 

C  =  the  compressive  strength  of  concrete,  in  pounds  per  square 
inch. 

f      =  the  thickness  of  the  concrete  slab,  in  inches. 

a  =  width  of  square  steel  rod,  in  inches  (for  a  rod  1  in.  square, 
a  =  1  in.). 

d    =  distance  between  rods,  in  inches. 

e  —  distance  from  center  line  of  rods  to  middle  line  of  beam  or 
slab,  in  inches. 

r  =:  distance  from  middle  line  of  slab  to  the  neutral  axis  of  the 
combined  beam  construction,  in  inches. 

b     =  breadth  of  section,  in  inches. 

I     =  the  length  of  span,  in  feet. 

w    =  load,  in  pounds  per  square  foot. 

m  =  width  of  wings  produced  by  replacing  the  area  occupied 
by  the  rods  with  its  equivalent  area  in  concrete,!  as  ob- 
tained from  their  relative  moduli  of  elasticity. 

/     =  the  moment  of  inertia  of  the  cross-section. 

jl/g  =  the  moment  of  resistance  of  the  cross-section  in  inch- 
pounds. 

M  =  the  bending  moment  of  the  external  forces  in  inch-pounds. 
For  stone  concrete,  E,.  being  about  1  000  000, 
b  E,        30  a  b 

*  For  this  purpose  the  elastic  limit  is  taken  at  40  000  lbs.  per  square  inch,  a  little  be- 
yond the  true  elastic  limit,  as,  when  used  in  combination  with  concrete,  the  steel  would 
probably  be  stressed  somewhat  beyond  tlie  limit. 

t  For  this  method  of  analysis  see  an  article  by  Professor  J.  B.  Johnson  in  Engineer- 
ing News.  January  3d,  1895,  and  also  his  "  Materials  of  Construction." 
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A.  L.  Johnson.  To  determine  the  position  of  the  neutral  axis,  take  moments  about 
the  center  line  of  the  slab,  Fig.  18.  Dividing  the  moment  of  the  en- 
tire area  about  this  axis  by  that  area,  the  distance  to  the  center  of 
gravity  or  to  the  neutral  axis  is  found  to  l)e  : 


b  t  -^  am 
Or,  substituting  for  m  its  value  as  given  above, 

(^  e  E,  e  ,  ,        id 


dt  E^-ir  c?  E,      l-\-k' 


where  Tc 


_       ^ 

a^  ^  e: 


Also,  the  moment  of  inertia  of  the  total  area  is 
I  =  ^TTT-  4-  h  tr^  A — zTTi — \-  am  (e  —  r] 


b  ^      m  c?      h  t  e' 
l2  "^  ~W  "^  l+l' 


Example  1. — Let  t  —  6  ins.,  6  =  12  ins.,  a  =  1  in.,  d  =  6  ins.,  E^  = 
1  000  000,  Eg  =  30  000  000  ;  e=  2.25  ins. ;  which  is  an  average  case  of 
actual  practice,  except  that  the  rods  are  larger  than  could  generally 
be  used. 


J^^^ 


■    CENTER  L(NE  OF  SLAB  ^  ,)• 


^£h 


-14m- 


*a 


d ^ 


Fig.  18. 


Then,  for  the  second  member  of  the  above  equation, 

b_l 

12 

m,  a^ 
T2~ 
bt^ 


-A       =  216.0 


=      5.0 


1  +  ^• 

Total  moment  of  inertia,  / 


=  165.6 


386.6 


The  second  term  of  this  equation  gives  a  value  of  only  1^  % 
of  the  total  vajue  of  /,  and  it  is  much  larger  for  the  case  assumed  than 
it  would  ordinarily  be;  the  percentage  of  error,  therefore,  will  be  im- 
material if  this  member  is  entirely  omitted, 


making 


'-"'  ik+ih) 


1  +  k. 

Case  I.      Concrete  not  to  Crac^.— The  above  value  of  /is  the  proper 
one  to  use  for  the  determination  of  the  load-carrying  capacity  of  the 
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combination,  up  to  the  time  the  concrete  cracks  on  the  tension  side.  A.  L.  Johnson. 
To  determine  how  nuich  this  will  be: 

j\L-=  '^—  ;   where  ?/,  =    „-  —  r. 

Example  2. — Taking/  at  300  lbs.  per  square  inch  and  the  other 
values  as  assumed  in  the  previous  example  : 

M„  =  57  800  in. -lbs.  =  4  817  ft. -lbs. 

ID  12 


Also, 


or, 


M  = 


M.. 


8 


=  4  817  ;  from  which  v  f-  =  S8  536  ; 


or,  if  /  =  10  ft.,  ?('  =  385  lbs.  per  square  foot,  as  the  load  that  can  be 
carried,  up  to  the  time  that  the  concrete  will  crack  in  tension  on  the 
Tinder  side. 

Cose  II.  Uliimnte  Strength. — Suppose  the  slab  of  concrete  has 
cracked  on  the  tension  side,  but  the  loading  is  still  continued  ;  the 
neutral  axis  then  rises  until  the  total  compression  above  the  axis  is 
equal  to  the  total  tension  on  the  projecting  wings  alone.     The  erack 


Fig.  19. 

will  not  extend  quite  as  high  as  the  neutral  axis,  but  so  near  it  that 
the  slight  moment  of  inertia  due  to  this  small  area  immediately  below 
the  neutral  axis  may  be  neglected. 

The  hatched  portion  of  Fig.  19  I'epresents  the  area  no  longer  ser- 
viceable in  resisting  bending. 

To  determine  the  new  position  of  the  neutral  axis : 


2       2  f/2       E, 


(1 


E. 


or  3/2  = 


VxdE, 


2a2E. 


Also,  in  practice, 


2/1=-  t  —  3/2  — -7i  —  0.25  in. ;  since  the  bars  are  imbedded  so  that  their 

bottom  portion  is  about  \  in.  from  the  under  side  of  the  slab  ;  the 
object  being  to  get  them  as  far  down  on  the  tension  side  as  possible, 
without  leaving  them  exposed. 

Exmnple  3. — Assuming  quantities  as  in  the  previous  case: 

yx'  =  10  .^2 

also,  1/1   =  5i  in.  —  i/n  5  from  which 


y,^  +  10  3/1  +  25  = 


210 


f  25 
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A.  L.  Johnson,  or, 


.Vi 


+  5  =  ±  l/  77.5,  from  whicli  is  obtained 
t/j  =  3.8  ins. 
and  ;/2  =  1-4:5  ins. 

The  moment  of  inertia  of  the  new  cross-section  is 


1  = 


+  m  a  y.{ 
fl 


The  moment  of  resistance  is    M^  =  -^— ^,  where,  however,  /  has  a 

y-i 

peculiar  value,  determined  as  follows:  The  area  m  «  is  here  shown  as 
30  times  the  oi'iginal  area  of  the  cross-section  occupied  by  the  bars, 
which  it  should  be  for  the  determination  of  the  proper  moment  of 
inertia;  but  /,  for  concrete,  =  about  300  lbs.  per  square  inch,  while  F, 
for  steel,  =  about  40  000  lbs.  per  square  inch;  that  is  to  say,  for  steel 
bars  in  stone  concrete, 

E,  =  ^0  E, 

F  =  133./;. 

Hence,  the  loading  may  be  continued  4.4  times  as  far  as  if  the 
material  in  the  wings  were  really  concrete,  though  the  deflections  for 
each  increment  will  be  the  same  as  if  it  were  all  of  the  latter  material. 


Fig.  20. 


Then  take  for  the  new  value, 

^-■''      \E,    ^      fr)      ~    ~E7' 


Then 


there  is  obtained: 


But 


F I  E 

M„  =  :rr',  and  by  substituting  for  /,  its  value, 


iV/.  = 


y.^dE,       ,  ab       E, 


From  which,  by  substituting  and  reducing,  is  obtained: 

2  )■ 


M. 


^K"-3ir+^^ 


Aiioth'')'  Diacusaion  of  Case  2. — For  this  case,  assume  that  the  load- 
ing has  proceeded  until  the  steel  rods  have  been  stretched  to  their 
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elastic  limit;  the  total  stress  iu  the  rods  is  ecjual  to  the  total  amount  A.  L.  Johnson, 
of  compression  in  the  concrete  above  the  neutral  axis. 

Also,  the  actual  elongation  of  the  rods,  per  unit  of  length,  is  to 
the  compression  of  the  extreme  upper  liber,  jier  unit  of  length,  as  y.y 
is  to  »/,. 

This  relation  is  simply  geometrical,  and  is  onh'  dependent  upon 
the  moduli  of  elasticity  for  both  the  steel  and  concrete  remaining 
constant  up  to  this  point;  as  a  matter  of  fact  the  modulus  of  elasticity 
of  the  steel  is  practically  constant  up  to  its  elastic  limit.  This  is  not 
true,  however,  of  the  moduhis  of  elasticity  of  the  concrete,  and  the 
modulus  used  here  should  be  detei'mined  by  the  tangent  of  the  angle 
of  a  line  on  the  compressive  stress  diagram*  for  the  given  class  of 
material,  drawn  from  the  origin  of  coordinates  to  the  point  on  the 
curve  corresponding  with  the  compression  per  square  inch,  developed 
in  the  extreme  liber  of  the  beam  under  consideration. 

c?  h 

The  total  area  of  the  steel  rods  -^=  — —. 

a 

Then,  total  stress  on  rods  =  /*.  = ; — . 

d 

The  stretch  of  the  rods,  or  strain,  per  unit  of  length.  A.,  =-^. 

And,  where  A  is  equal  to  the  cross-sectional  area  of  the  rods, 

P,  =  E,  A.2  A. 

Now,  the  compression  of  the  extreme  fiber  on  the  other  side  of  the 
neutral  axis  is 

A   =  A,-^i- 
'        ''.>/■>' 

and  the  intensitv  of  the  stress  in  the  extreme  fiber  is 


/.  =  Aj  &  -=  A.,  ^  E,.. 


Also, 


But,  P^  =  P^ 

Hence, 


Then, 

from  which  is  obtained : 


„  ,      .        b  A.,  y,"  E^ 
2  A  j/2  E^  =  b  >/i^  E^ ; 


.,       2  a-   E, 


*  Such  compressive  stress  diagrams  for  concrete  may  be  found  in  Johnson's  "  Ma- 
terials of  Construction." 
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A.  L.  Johnson.  When  the  rods  are  stretched,  up  to  their  elastic  limit,  the  moment 
of  resistance,  neglecting  the  resistance  due  to  bending  the  rods,  and 
the  slight  moment  before  mentioned  due  to  the  small  area  of  con- 
crete still  intact  immediately)'  below  the  neutral  axis,  is 

^Fb(^^+^^ (1) 

This  is  exactly  the  same  equation  as  obtained  from  the  first  dis- 
cussion. 

Let,  as  before,     /  =  6  ins. ;  i  =  12  ins. ;  d  =  &  ins. ;  E^  =  .30  000  000; 
E^  =  1  000  000;  a  =  1  in. ;  i^  =  40  000. 

From  which,  as  before,  //,  ^=  3.8  ins.  and  i/^  ^=  1-45  ins.;  then 

M,  =  480  000  (i  X  7.2  -f  ^  X  3.8^ 

=  480  000  (  .662  )  =  320  000  in. -lbs. 

For  the  case  assumed,  it  is  seen  that,  up  to  the  time  that  the  con- 
crete cracks  on  the  under  side,  only  abotit  one-fourth  of  the  ultimate 
strength  has  been  developed. 

If  the  slab  is  thin  the  concrete  in  its  top  may  fail  in  comjjression. 
The  moment  of  resistance  for  this  case  is: 


but, 
Hence, 

But, 
Hence, 


._fcby,'(  yo  .  2\ 
2       V  3/1       3  / 

2         d         E. 


M} 


f,hy,.    /    d     ..E  2_\ 

-~^r^  V2^"  :^,  "^ '^^  +  3/ ^^^ 

Designing. — To  design  a  floor,  on  the  Rausome  system,  to  carry  a 
given  load  on  a  given  length  of  span,  it  is  necessary  first  to  decide  on 
the  factor  of  safety  to  be  used. 

It  is  not  desirable  that  the  concrete  should  crack  underneath  at 
the  full  working  load,  so  that  there  should  be  some  margin  of  safety 
at  this  point.  Suppose  the  factor  of  safety  is  made  1.5  at  this  point. 
It  certainly  should  not  be  any  less.     This  will  give  a  factor  of  safety 
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at  the  point  of  faihire  of  about  0;  as  the  cracking  point,  as  has  been  a.  L.Johnson, 
seen,  is  at  about  one-foiirth  the  ultimate  load. 

Let  '('  =  150  lbs.  ijer  square  foot; 

I  =  10  ft. 
Then, 

In  this  equation  »•  and  /,  F,  E^  and  E^  are  known;  b  is  assumed  at 
12  ins.,  and  d  and  a  are  to  be  given  trial  values. 
Let  '/  =  3  ins.  and  a  =  ^  in. 

Then, 

480  000  (1      1/1       ,vi\  _  180  000 
6       \30       2  "^  18/  ~        8      ■ 

Or,  -1;+ a  =  0.28125. 

From  which  is  obtained :  //j  =  2. 76  ins. 

vi'dE,      7.62  X  3  X  1000  000       ,  ^^  . 
^^~2a^E,~    2  X  i  X  30  000  000    ~  ' 

and  hence, 

^  =  J/i  +  i/2  +  J  +  i  in.  =  4.78  ins. 

That  is  to  say,  a  slab  4f  ins.  thick,  with  ^-in.  twisted  rods  spaced 
3  ins.  apart  on  the  bottom  side  of  the  same,  will  carry  with  safety  150 
lbs.  per  square  foot  on  a  10-ft.  span.  This,  of  course,  includes  the 
dead  load,  which  would  have  to  be  deducted  to  give  the  live  load  car- 
rying capacity. 

An  economical  combination  for  this  class  of  construction  would  be 
such  as  would  render  the  beam  equally  liable  to  fail,  either  by  the 
crushing  of  the  concrete  on  top  or  by  the  rupture  of  the  metal  on  the 
bottom. 

To  determine  how  much  metal  should  be  used,  there  exists  the  con- 
dition that  the  two  moments  of  resistance  for  these  two  methods  of 
failure  are  equal,  or, 

FI^^E^^f^I 

y-2       E,        yi 
where  /^  is  the  modulus  of  rupture  of  the  concrete  in  compression. 
For  rock  concrete,/^  is  about  1  500  lbs.  per  square  inch. 

Here  the  values  y,  and  y.,  ai'e  dependent  upon  the  amount  of  metal 
used  in  the  construction. 

From  the  above  is  obtained  : 

F      E,      /, 

y-i    E,    y, 

r.  FE, 
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A.  L.  Johnson.  But, 

From  wliicli 

Or, 


y-i- 

~2« 

dE, 

-e; 

y\ 

F 

~  fc 

2a= 

a' 

d 

IF' 

Expanded  Metal  Slabs. — Take  a  slieet  of  No.  16  gauge,  2h  mesh, 
expanded  metal.     Here 

-,=  0.01224.* 
d 

F 

Then  V,  =  0.02i5  — ,    where,  for  cinder  concrete,  f,.   =   600  lbs.    per 

square  inch. 

Then  ?/i  =  1. 63  ins. , 

v->  =  — ' . 

^-        2«^  E, 

Here,  on  account  of  the  diamond  shape  of  the  meshes,  E^  should 
be  divided  by  the  secant  of  one-half  the  angle  at  the  point  of  the  dia- 
mond =  1.11. 

This  makes  E^  =  25  700  000. 

1.63- X  40.8   X  550  000       ^  ^^  . 

T^^"  y^'  ■"=  25  700  000 =  2.33ms. 

Then  t  ^  y^  -\-  y^^  \  in.  =  4.21  ins. 

That  is  to  say,  that  No.  16  gauge,  2^-iu.  mesh,  expanded  metal  will 
develop  the  compressive  strength  of  a  cinder  concrete  slab  4:j-  ins. 
thick,  supposing  that  the  compressive  strength  of  the  same  does  not 
exceed  600  lbs.  per  square  inch,  and  that  there  has  been  no  loss  in  the 
gross  area  of  the  expanded  metal  sheet  due  to  the  cutting.  There  is 
always  some  loss  of  this  kind,  however,  so  that  the  writer  is  accus- 
al 
tomed  to  take  —  =  0.01  to  allow  for  it.     This  value  will  give  t/j  = 

1.33  ins.,  i/2  "=  1-89  ins.  and  for  /,  3.47  ins.,  or  about  3|-  ins.,  as  the 
maximum  thickness  of  a  cinder  concrete  slab  which  No.  16  gauge,  2.]- 
in.  mesh  metal  will  develojj,  a  condition  which  corresponds  with  the 
actual  tests  made. 

In  computing  the  carrying  capacity  of  expanded  metal  slabs  simply 
supported  at  the  ends  and  not  as  used  in  a  floor,  the  formulas  marked 
1  and  2  may  be  used. 

Formula  1  is  used  if  the  slab  is  destined  to  break  in  tension,  and 
formula  2  if  in  compression. 

*  No.  16  gauge  metal  weighs  2i  lbs.  per  square  foot,  and  is,  therefore,  0.0612  in.  thick. 
a-'  1 

Then  -j  =  0.0612  x  8  ins.  X  ^q  =  0.01224  sq.  in.  of  metal  per  inch  of  width  of  slieet,  the 

sheets  being  expanded  from  an  original  width  of  8  ins.  to  a  final  width  of  40  ins. 
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The  value ,  of  course,  depends  upon  the  stvle  and  quantity  of  A.L.Johnson. 


expanded  metal  used. 


TABLE  No.  4. 


Atlas  1 

" 

" 

" 

" 

" 

" 

" 

" 

" 

Silica 

" 

" 

" 

" 

" 

" 

" 

" 

" 

" 

" 

Acme 

" 

" 

" 

Atlas 

" 

" . 

'• 

" 

" 

" 

" 

" 

" 

" 

" 

SiUca 

" 

" 

" 

" 

" 

" 

Atlas 

3  : 
3      : 

2  : 

3  : 
3  : 
2      : 

2  : 

3  : 
3  : 
2      : 

2  : 
2^: 
2t^: 

U\- 

3  : 
2-ns  • 
3  : 
3     : 

:  2j5  : 
:  2^js  : 

3  : 

2  : 

2  : 

2  : 

2  : 


2^  : 

;  2j*o  ; 

2      ; 

2     ; 
2      ; 

:2      : 

;2     : 

2A: 

2'> 


6 

5 

5 

6 

0 
10 
10 

6 

6 

7 

7 

4t'^ 

4^ 

4A 

4^ 

5 

4 

6 

6 

4l«5 

4t"5 

^1% 

•Jfo 

9 

6 

5 

3 

5 

5 

6 

6 

4iV 

5 

5 

5 

5 

6 

4 

4 

3fff 

4 

4 

4 
:  4 
:    5 


3.87 
3.75 
4.00 
3.50 
3.50 
3.74 
3.74 
3.62 
3.75 
3.81 
4.50 
3.81 
3.75 
3.50 
3.50 
3.75 
3.50 
3.81 
4.06 
4.06 
3.38 
3.81 
3.94 
3.62 
4.13 
3.44 
3.88 
4.00 
4.50 
4.75 
4.19 
3.87 
4.00 
4.24 
3.93 
4.38 
4.51 
4.51 
4.. 56 
4.37 
4.44 
4.12 
3.75 
3.25 
4.19 
3.93 
4.50 


57.0 
51.4 

51.4 

12.8 

12.8 

17.0 

17.0 

8.6 

8.6 

8.6 

8.6 

51.4 

51.4 

51.4 

51.4 

12.8 

12.8 

8.6 

8.6 

8.6 

8.6 

8.6 

8.6 

64.2 

57.0 

51.4 

46.7 

51.4 

51.4 

8.6 

8.6 

12.8 

12.8 


M.. 


51.4 
51.4 
51.4 
51.4 
51.4 
57.0 
51.4 
51.4 
51.4 
51.4 
51.4 
51.4 
12.8 
12.8 


18  900 

18  200 

19  700 
19  900 

19  900 

20  300 

19  100 

20  800 
21500 
22  500 
26  400 

20  100 
19  700 
18  300 

18  300 

21  500 

19  900 

22  500 

23  600 
23  600 

19  000 

22  500 

23  000 
17  700 
21800 

17  700 

20  600 
33  700 

38  500 
51500 
43  800 

22  200 

23  000 
23  400 

21  200 

26  400 

27  250 
51500 
26  000 

23  600 

24  100 

22  000 
22  000 

18  700 

25  200 

39  800 
75  000 


37.5 
37-5 
37.5 
37.5 
37.5 
37.5 
37.5 
37.5 
37.5 
37.5 
37.5 
37.5 
37.5 
37.5 
37.5 
38.5 
37.5 
37.5 
3;  .5 
37.5 
37.5 
37.5 
37.5 
.37.5 
37.5 
37.5 
37.5 
37.5 
37.5 
37.5 
37.5 
37.5 
37.5 
54.0 
54.0 
96.0 
96.0 
150.0 
121.5 
54.0 
54.0 
96.0 
96.0 
150.0 
150.0 
150.0 
150.0 


Means. 


■9  ft' 


O  O  i 


«?•= 


504 
485 
525 
530 
530 
541 
510 
555 
573 
600 
703 
535 
525 
488 
488 
572 
530 
600 
630 
6.30 
506 
600 
612 
472 
581 
472 
.5.50 
900 
1028 
1375 
1170 
590 
612 
433 
392 
?75 
283 
343 
214 
437 
446 
228 
228 
125 
168 
265 
500 


528 


287 
393 
478 
297 
325 
345 
287 
402 
440 
580 
422 
440 
502 
407 
484 
570 
431 
498 
575 
535 
431 
469 
545 
159 
645 
684 
770 
590 
574 
890 
940 
463 
625 
330 
3.34 
162 
156 
196 
213 
417 
375 
195 
188 
114 
106 
252 
225 
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A  L.  Johnson  Table  No.  4  gives,  in  the  last  two  columns,  a  comparison  between 
the  theoretical  strength  of  the  various  test  panels  with  the  actual  re- 
sults obtained  from  the  data  given  by  the  author.  The  list  includes 
all  the  tests  that  had  been  published  at  the  time  the  table  was  pre- 
pared. In  the  theoretical  determinations  the  assumption  was  made 
that  the  expanded  metal  was  laid  directly  on  the  centers  before  the 
concrete  was  jslaced,  thus  putting  the  expanded  metal  as  low  as  pos- 
sible in  the  slabs.  It  will  be  seen,  by  comparing  these  columns,  that, 
while  many  of  the  results  agree  very  closely,  in  general,  the  actual 
results  obtained  were  much  below  that  which  the  theory  demands;  a 
condition  which  has  already  been  referred  to,  and  explained  as  prob- 
ably being  due  to  the  improper  location  of  the  metal,  and  to  the  poor 
quality  of  the  concrete  used. 

The  values  used  for  the  modulus  of  elasticity  are  as  follows  : 


Expanded  metal 


Concrete  (stone) . 
"  (gravel) 

"  (cinder) 


E, 


28  500  000 


f) 
sec  -rr 


1.11 


=  25  700  000  lbs.  per  square  inch. 


2  000  000 

3  000  000 
550  000 
500  000 
450  000 
400  000 


The  values  for  the  cinder  concrete  and  expanded  metal  were  ob- 
tained from  tests  made  by  the  writer.* 

Table  No.  5  is  a  comparison  of  the  theoretical  with  the  observed 
values  of  the  load-carrying  capacity  of  some  slabs  made  up  by  the 
writer  about  two  years  ago. 

It  will  be  seen  that  the  theoretical  values  are  all  about  the  same, 
which  is  as  they  should  be,  as  any  of  the  mixtures  of  a  thickness  of 
4  ins.  were  able  to  develojj  the  tensile  strength  of  the  metal.     The 

latter  had  not  been  well  cut,  and  the  value  of  —  for  this  metal  was 

a 

averaged  at  0.02.  In  cutting  the  sheets  out  of  a  larger  sheet,  it  was 
250ssible  to  get  one  more  strand  of  metal  in  some  sheets  than  in  others, 
which  would  make  a  difference  of  about  10%"  in  the  strength  of  the 
slab.  This  will  probably  account  for  the  discrepancies  existing, 
though  as  they  stand  they  give  a  very  satisfactory  check. 

The  author's  formula  (1)  is  very  far  from  being  the  triie  expres- 
sion of  the  total  moment  of  resistance.  The  ex'ror  made  is  in  assum- 
ing that  the  safe  working  stresses  C,  T  and  S  are  attained  at  the 
same  time,  and  this  is  far  from  being  the  case. 


♦The  other  values  were  obtained  from  Johnson's  "Materials  of  Construction." 
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TABLE  No.  5. — Showing   Aoreement   Between   Computed   and   Ob- a.  l.  Jolmson. 
SERVED  Values  for  the  Strength  of  Expanded  Metal,  Concrete 
Slabs. 


Modulus 

of 
elasticity 

of  the 
concrete. 

Computed. 

Observed. 

Proportions 

of 

mixture. 

Thick- 
ness of 
slab,  in 
incbes. 

Span. 

in 
feet. 

Carrying 
capacity, 
in  pounds 
per  square 
foot  uni- 
formly dis- 
tributed. 

Value  for 

same  by 

actual  test 

Remarks. 

1  cement ) 

3  sand [ 

4 
4 

4 

4 

4 
4 

29^ 
2% 

2% 

2% 

500  000 
400  000 
500  000 

550  000 

450  000 
400  000 

1460 
1430 
1460 

1470 

1460 
1  430 

1110 
1S40 
1730 

1400 

1650 
1350 

May  have  had  one 
strand  less  metal. 

5  cinders ) 

1  cement 1 

1  sand S 

ti  cinders ) 

1  cement ) 

2  sand 

May  have  had  one 
extra  strand  of 
metal. 

5  cinders ) 

1  cement ) 

1  sand [ 

1  cinders ) 

1  cement 1 

5  cinders t" 

1  cement ) 

6  cinders \ 

Mean 

1452 

1430 

Slabs  were  supported  on  knife  edges  32  ins.  apart  and  broken  by  a  load  in  the  middle. 

If  the  neutral  axis  were  in  the  middle  of  the  slab,  T  and  C  would 
be  equal  up  to  the  time  the  concrete  failed  in  tension,  instead  of  T 
being  one-fifth  as  much  as  C,  as  the  author  takes  it. 

After  the  concrete  fails  in  tension  on  the  underside  there  are  only 
two  terms  left  in  the  equation  for  the  moment  of  resistance,  /.  e.,the 
first  and  last. 

Now,  this  failure  in  tension  occurs  at  about  one-fourth  of  the 
ultimate  strength  of  the  construction,  on  the  average,  so  that  for 
three- fourths  of  the  period  of  the  test  the  author's  formulas  have  no 
possible  application.     For  the  other  fourth,  (7  and  T  are  nearlv  equal 

C 
instead  of  7' being  equal  to  — . 

To  sum  up:  to  correctly  evaluate  the  moment  of  resistance  it  is 
necessary  to  know  the  location  of  the  neutral  axis,  which  can  only  be 
obtained  by  considering  the  relative  moduli  of  elasticity  of  the  metal 
and  concrete  used. 

The  author  makes  no  mention  of  these  functions,  and,  therefore, 
his  equations,  can  have  no  theoretical  or  practical  value. 
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Mr.  Hill.  Geokge  Hill,  Assoc.  M.  Am.  Soc.  C.  E.— Before  answering  the  dis- 
cussion, the  anthor  desires  to  present  the  results  of  a  second  series 
of  tests  made  by  him,  in  Philadelj^hia,  in  June,  1898.  The  cement 
\ased  in  this  series  was  an  American  Portland  extensively  used  for  con- 
crete slabs. 

The  load  was  applied  in  all  cases  on  the  full  width  of  the  center  of 
the  slab,  through  a  wooden  block,  in  such  a  manner  as  to  avoid  injur- 
ing the  top  surface  of  the  concrete.  The  slabs  were  supported  on 
steel  shapes  which  did  not  injure  the  concrete  in  any  way,  and  were  60 
ins.  apart.  They  were  so  hung  as  to  be  free  to  move,  but  did  not 
move  an  appreciable  amount.  They  were  11.50  ins.  wide  and  of  the 
thickness  noted.  No.  10  expanded  metal,  cut  so  as  to  leave  no  waste 
strands,  was  used,  and  was  weighed  in  order  to  determine  the  exact 
sectional  area  of  the  metal  at  the  point  of  greatest  stress.  The  com- 
pressive strength  was  determined  from  cylinders  6  ins.  in  diameter 
and  6  ins.  long.  The  proportions  of  the -concrete  were  uniformly  1 
cement,  2  sand  and  5  cinders.  The  cinders  were  anthracite  furnace 
cinders,  granular  in  form,  irregular  in  size  and  with  a  very  small  percent- 
age of  ash,  apparently  a  better  material  than  that  used  for  the  tests  of 
Table  No.  3.  The  mixing  was  done  in  a  manner  similar  to  that  used  in 
making  commercial  slabs  in  the  locality,  and  was  perhaps  rather  more 
thorough  than  the  mixing  of  the  first  series  of  test  slabs.  The  tamping 
was  done  with  an  iron  rammer  weighing  a  little  over  9  lbs.  The  metal 
was  uniformly  placed  in  the  bottom  of  the  slab  so  that  the  bottom 
edge  was  just  covered.  The  testing  apparatus  and  gauges  were  simi- 
lar to  those  used  in  the  other  tests.  The  load  was  applied  slowly,  and 
carried  to  the  destruction  of  the  material.  The  deflections  were  very 
carefully  measured  by  means  of  a  2-ft.  rule.  The  character  of  the 
concrete  seemed  to  be  better  than  that  used  in  the  first  series  of 
tests  (Table  No.  3),  and  showed  a  higher  average  of  compressive 
strength.  The  author  believes,  however,  that  the  shearing  strength 
was  actually  less,  since  in  every  case  in  which  metal  was  used  the 
concrete  was  not  strong  enough  to  prevent  the  drawing  in  of  the 
metal,  oftentimes  to  so  great  an  extent  as  to  develop  but  a  small  per- 
centage of  the  strength  of  the  metal.  The  concrete  between  the 
strands  of  metal  in  every  case  was  sheared  oflf  and  dropjjed  at  the  time 
the  maximum  load  was  reached  ;  the  shelling  extending  over  an  area 
of  about  one-half  of  the  total  area  of  the  slab,  being  a  maximum  at  the 
center  and  a  minimum  toward  the  ends,  showing  conclusively  that 
the  intensity  of  the  tensile  strain  in  the  bottom  slab  varied  from  a 
maximum  at  the  center  to  zero  at  the  end.  In  every  case  failure  first 
occurred  as  a  crack  on  the  under  side  of  the  concrete.  When  the 
ultimate  load  was  reached  this  crack  extended  to  the  top  of  the  con- 
crete, and  the  opening  varied  from  \  in.  to  |  in.  In  no  case  did  the 
slab  containing  metal  collapse.     The  strength  developed,  up  to  the 
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TABLE  No.    6.  Mr.  Hill. 
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.38* 
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Metal  broke. 

*  In  test  No.  37  the  metal  drew  together  before  breaking.  In  test  No.  38  there  was  no  drawing 
together  until  after  the  maximum  was  passed  and  a  load  of  5  180  lbs.  was  reached  with  a  de- 
flection of  0.81  in.  The  first  crack  appeared  when  an  average  of  95^  of  the  strength  was  de- 
veloped, the  minimum  being  81. 5;^^',  the  ma.vimum  100.?^',  in  11  out  of  21  cases.  Tests  Nos.  37  and 
38  snow  the  same  general  results. 

*  In  tests  Nos.  37  and  3S  the  slabs  were  made  of  the  same  mixture  as  the  others,  but  were 
3  ins.  thick,  47J  ins.  wide  and  with  a  span  of  60  ins.  No.  10  metal  was  used  in  the  bottom  and 
the  loads  were  applied  centrally. 
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Mr.  Hill,  time  wlien  plaster  would  crack,  compared  favorably  with  the  .strength 

developed  in  the  first  series.    The  values  given  under  the  heading  R  of 

Table  No.  6  were  computed  by  using  the  usual  value  of  the  moment 

h  (]  ^ 
of  inei'tia  of  a  rectangular  section,  -— — .     No  attempt  was  made  to 

compare  the  results  with  the  formula  suggested  by  the  author,  because 
the  metal  did  not  develops  its  projjer  strength.  The  results  given 
under  the  heading  "  jaercentage  "  compare  the  load  producing  the  first 
crack  with  the  maximum  load  carried,  in  elucidation  of  the  statement, 
made  in  the  discussion  by  some  of  the  members,  that  the  concrete 
ordinarily  cracks  at  one-quarter  of  the  maximum  load.  This  series  of 
tests  is  of  interest  as  showing  other  characteristics  of  the  combina- 
tion, and  emphasizes  the  considerable  reinforcing  action  of  the  metal. 
It  also  shows  the  desirability  of  using  a  concrete  of  high  shearing 
strength. 

Taking  up  now  the  discussion  of  the  members,  and  answering  Mr. 
Lesley,  the  author  agrees  with  Mr.  Tomkins  and  with  Mr.  Merritt, 
in  the  belief  that  no  danger  is  to  be  apprehended  from  the  use  of  lime- 
stone or  from  sulphur,  for  the  reasons  stated.  The  qualification  that 
the  concrete  should  be  the  best  obtainable  might  be  construed  to 
mean  stone  concrete  or  cinder  concrete  made  carefully  and  meeting 
the  commercial  conditions.  The  number  of  tests  which  have  been 
made  indicate  that  any  concrete  which  can  carry  its  own  weight  when 
the  centers  are  struck,  from  seven  to  ten  days  after  laying,  is  abso- 
lutely safe.  Mr.  Washburn's  criticism  of  the  mixing  is  probably  well 
taken.  The  reason  for  permitting  the  mixing  to  be  done  in  this  way 
was  that  the  author  wished  to  test  the  slabs  under  commercial  condi- 
tions. It  is  a  matter  for  regret  that  Mr.  Dunham  did  not  mention  at 
least  one  specific  instance  in  siipport  of  his  position.  The  Tratisac- 
tio)is  of  the  Society  show  a  great  many  instances  where  concrete  and 
steel  have  been  used  in  conjunction  successfully.  The  only  instances 
where  concrete  has  not  entirely  pi'evented  steel  from  oxidation,  of 
which  the  author  has  knowledge,  are  those  where  the  steel  entered  the 
concrete  in  such  a  manner  as  to  lead  moisture  into  it,  the  concrete 
being  porous,  and,  therefore,  not  in  intimate  contact  with  the  steel. 
The  author  has  seen  concrete  slabs  with  exjjanded  metal  in  them,  which 
had  been  exposed  to  the  weather  for  five  years,  in  which  absolutely  no 
change  had  taken  place  in  the  expanded  metal.  Mr.  Merriman's  in- 
quiries are  answered  in  the  second  series  of  tests  hereinabove  men- 
tioned. Mr.  Waite's  discussion  of  the  commercial  side  entirely  neglects 
the  cost  of  the  filling-in  material  between  the  beams,  which  is  an  item 
of  serious  amount,  and  further,  it  neglects  the  peculiarly  advantageous 
features  which  may  be  derived  from  the  fact  that  the  entire  slab  may 
be  made  continuous,  thereby  avoiding  the  necessity  of  either  beams 
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or  girders.     For  a  columu  spacing  of  lo  ft.  centers  each  way,  to  carry  Mr.  Hill. 
a  live  load  of  70  lbs.  per  square  foot,  there  would  be  required: 

9-in.  I-beams,  at  21  lbs.,  at  7  ft.  fi  in.  centers 630  lbs. 

1  girder,  10-in.,  I,  at   25  lbs 375   " 

Total 1  005  lbs. 

1  005  lbs.  at  2  cents .$20. 10 

Add  for  connections 2.01 

Floor  arch  blocks,  225  sq.  ft.,  at  18  cents 40  50 

$62.01 

For  expanded  metal  construction,  392.1  lbs.  of 

tie  beams,  at  2  cents §5 .  85 

Connections 1 .  17 

Flooring,  225  sq.  ft.,  at  16  cents 36.00 

43.03 

Saving,  31  per  cent $19 .  59 

The  point  raised  concerning  deflection  will  be  found  fully  answered 
in  the  paper. 

Mr.  J.  B.  Johnson's  statements  ai'e  not  apparently  verified  by  the 
tests,  since,  in  no  case,  is  the  ultimate  strength  of  the  beams  tested 
three  times  that  developed  when  the  concrete  first  cracks,  which 
would  seem  to  refute,  in  jjart,  at  least,  the  discussion  piiblished  in 
Engineering  N'ews,  October  21st,  1897.  The  author  recognizes  the 
difficulties  confronting  the  development  of  a  theoretical  formula,  but 
believes  that  a  working  formula  has  been  deduced.  The  assumption 
that  the  steel  reaches  its  working  stress,  or  very  near  it,  simultaneously 
with  that  of  the  concrete  in  tension  seems  to  be  borne  out  by  the  tests. 
Since  the  modulus  of  elasticity  is  unknown,  variable  and  low,  it  is 
probable  that,  with  a  sufficient  number  of  tests  to  indicate  the  proper 
value  of  the  constants,  the  practical  formula  will  give  better  results 
than  a  theoretical  one.  The  author  did  not  ofi"er  the  formula  as  theo- 
retically correct,  but,  as  being  practically  so,  and  simply  explained 
the  way  in  which  it  was  derived.  Concerning  the  discussion  by  Mr. 
A.  L.  Johnson,  the  author  wishes  to  state: 

First. — No  arch  action  of  any  amount  could  be  set  up  in  a  slab  of 
such  relatively  small  thickness,  in  which  concrete  was  under  compres- 
sion, through  the  action  of  a  bending  moment  causing  tension  on  the 
under  side  of  the  slab.  The  aiithor  has  made  a  number  of  tests  of 
concrete  arches  which  he  is  not  at  liberty  to  publish,  but  which,  with 
much  greater  rise,  developed  a  very  much  less  strength  than  the  same 
amount  of  concrete  for  the  same  span  made  as  a  slab  with  expanded 
metal. 


662     CORRESPONDENCE   ON   STEEL    CONCRETE    CONSTRUCTION. 

Mr.  Hill.  Second.  — The  position  of  the  expanded  metal  in  the  slab  was  care- 
fully ascertained  and  is  correctly  stated  in  Table  No.  3. 

TJiird. — The  author  was  conducting  experiments  to  determine  as 
far  as  jsossible  the  influence  of  exjianded  metal  in  the  bottom  portion 
of  a  concrete  slab.  He  was  endeavoring  to  make  the  tests  in  such  a 
manner  that  they  would  be  of  general  engineering  value.  This  would 
not  have  been  the  case  had  the  tests  been  conducted  solely  on  the  floor 
slabs  in  completed  buildings. 

Fourth. — The  influence  of  the  weather  in  retarding  the  set  of  the 
cement  is,  by  the  showing  made  by  Mr.  Johnson  in  Fig.  15,  but 
trifling.  It  may  be  that  the  cylinders  were  injuriously  affected,  as  they 
were  so  placed  that  they  might  have  remained  frozen  for  some  little 
time. 

Fifth. — Had  Mr.  Johnson  used  the  paper  for  the  basis  of  his  criti- 
cism instead  of  referring  in  part  to  the  same,  and  in  jiart  to  the  rejjorts 
published  in  the  technical  journals,  he  would  have  made  his  discus- 
sion more  easy  to  follow,  and  might  have  ai'rived  at  a  diff"erent  con- 
clusion in  regard  to  certain  matters.  In  part,  his  comparison  of  test 
No.  5  with  test  No.  7  would  probably  have  been  omitted,  since  the 
author  stated  that  the  stone  iised  in  test  No.  5  was  irregular  in  size 
and  too  large,  while  in  test  No.  7  this  defect  was  overcome  by  the 
admixture  of  gravel.  In  Table  No.  4  the  thickness  given  is,  in  general, 
the  sum  of  columns  c  and  d  of  Table  No.  3.  For  purposes  of  calcula- 
tion only,  column  c  of  Table  No.  3  should  have  been  used,  as  only 
thus  could  a  proper  comparison  be  made.  The  comparison  should 
further  have  been  made  with  the  actvial  carrying  capacity  of  the  cen- 
trallv  applied  load,  and  not  with  a  converted  distributed  load;  the 
numbering  of  the  tests  should  have  followed  Table  No.  3;  the  tests 
numbered  33,  34,  35,  36,  in  Table  No.  4,  would  have  been  omitted;  and 
the  cement  designated  silica  woiild  have  been  called  slag. 

Sixth. — The  assertion  made  in  a  number  of  places  that  as  the  per- 
centage of  aggregate  increases,  the  strength  of  the  concrete  decreases 
in  a  nearly  uniform  ratio,  is  one  which  the  author  believes  to  be  in 
error,  both  jiractically  and  theoretically.  The  maximum  strength  for 
any  given  aggregate  will  be  obtained  by  the  use  of  certain  proj^ortions 
of  cement,  sand  and  aggregate,  depending  on  the  character  of  the  ag- 
gregate, which,  though  called  by  the  same  name,  may  vary  very  greatly 
in  its  composition.  The  thoroughness  of  the  mixing,  and  the  amount 
of  water  are  also  elements  of  great  importance;  as  a  consequence  it  is 
probably  impossible  to  obtain  any  correct  idea  of  the  strength  of  the 
concrete  from  the  simple  statement  that  it  is  mixed  in  a  certain  jiro- 
portion. 

Seventh. — The  error,  contained  in  the  statement  that  the  ultimate 
strength  of  the  combination  of  metal  and  concrete  is  nearly  four  times 
that  developed  at  the  time  when  the  concrete  first  cracks,'  is  disproved 
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by  reference  to  the  tests  of  Table  No.  3,  iu  which  the  miuimum  is  Mr.  Hill. 
69.4^,  the  average,  not  25 jJ^,  but  91.5%",  and  the  maximnm  is  100^  in 
eleven  cases  out  of  thirty-nine  (see  also  the  percentages  given  in  Table 
No.  6).  The  discussion,  therefore,  of  the  formula  to  be  applied  after 
the  concrete  cracks  on  the  tension  side  is  based  on  an  erroneous  as- 
sumjition. 

Eighth. — It  seems  to  be  generally  admitted  that  the  modulus  of 
elasticity  of  commercial  concrete  is  not  yet  known.  The  lack  of  uni- 
formity in  results,  which  must  be  known  to  every  one  using  and  test- 
ing concrete,  shows  how  it  must  vary.  Further  than  this,  it  is  not  known 
whether  the  modulus  of  elasticity  for  concrete  is  the  same  for  both 
comj)ression  and  tension;  if  it  is,  then  the  concrete  should  be  as  liable 
to  fail  first  on  one  side  as  the  other.  If  it  is  not,  then  all  of  the 
formulas  given  by  Mr.  Johnson  are  wrong,  for  they  are  based  on  the 
assumi)tion  that  the  E^  has  only  one  value.  If  E^  has  two  values,  then 
the  formulas  are  wrong,  if  only  because  they  do  not  recognize  these 

stress  „ 

two  values.     £"  mav  be  ex7)ressed  by  the  fraction   ^-^ -r. — .  JNow, 

^  -^  deformation 

it  is  known  that  the  stresses  are  the  same  on  both  sides  of  the  neutral 

plane  within  the  elastic  limit  of  the  material,  that  if  E  is  the  same 

on  both  sides  of  the  neutral  plane,  that  this  plane  is  in  the  center  of 

gravity  axis  of  the  figure;  and  since  the  stress  is  the  same  and  Eis  the 

same,  thedeforinationmust  be  thesame,  and,  consequently,  that  strain 

which  causes  a  deformation  visible  as  rupture  on  the  tension  side  must 

cause  a  movement  of  the  particles  on  the  compression  side  amounting 

to  rupture,  though  invisible. 

Ninth. — The  literature  on  the  subject  would  have  been  enriched, 

perhaps,  had  Mr.  Johnson  given  the  details  of  the  experiments  on 

which  he  bases  the  value  of  the  modulus  used  by  him,  since  there 

w-ould  then  have  been  an  oi)portunity  to  discuss  them.     The  table  on 

page  656  expresses  the  value  of  the  modulus  in   "pounds  per  square 

inch." 

The  modulus  is  expressed  bv  the  formula  E  —  ^r--^ -r-- — , which 

^  '  deformation 

is  an  absolute  quantity  and  is  not  "  pounds  per  square  inch." 

For  the  expanded  metal  the  modulus  remains  the  same,  regardless 
of  the  position  of  the  strands,  and  it  is  incorrect  to  var^^  it  according 
to  the  position.  A  proper  method  would  be  to  introduce  a  member  in 
the  formulas  which  would  represent  the  condition  that  exists,  namely, 
that  the  stands  of  metal  make  an  angle  with  the  lines  of  strain  in  the 
slab.  Even,  then,  the  formulas  would  not  be  entirely  correct,  since  the 
strands  join  at  what  are  commercially  called  bridges,  at  which  points 
the  axis  of  the  bridge  is  parallel  with  the  lines  of  strain,  and  the  result- 
ants of  the  pull  in  the  strands  at  right  angles  to  the  lines  of  strain 
neutralize  each  other. 
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Mr.  Hill.  As  the  bridge  is  the  weak  jioint,  a  reduction  of  the  strength  of  the 
expanded  metal  should  be  made  therefor,  but  this  should  not  be  made 
by  changing  E. 

Tenth. — Mr.  A.  L.  Johnson  is  credited  by  Professor  J.  B.  Johnson 
with  the  formulas  published  in  Engineering  Nevs,  October  21st,  1897. 
If  this   formula   be  expressed  in  the  notation  shown  on  Fig.   20,  it 

O    f^   ,\i        /y' 

will  read  ?/!=       — —^  — ',  in  which  n  is  the  area  of  the  steel  bars;  this 

figure  differs  from  the  one  used  in  the  article  referred    to,  and,  by 
examining  Fig.    20,    it    will   be  seen  that  the  equation  should  read 


y\ 


__     P  ^  y-i  A«   to  lie  numerically  correct,  since  it  aijpears  to  be  de- 


2 


rived  from  the  equation  ^  h  y{  £",.  =  a  y.^  E^. 

Eleventh. — Table  No.  5,  given  by  Mr.  A.  L.  Johnson,  as  a  practical 
proof  of  the  correctness  of  his  formulas,  is,  by  his  own  statements, 
discredited;  for  the  experiments  were  conducted  so  carelessly  that  he 
does  not  know  the  exact  amount  of  metal  used  in  the  slabs. 

Twelfth. — The  value  of  the  constants  (7 and  /must  be  based  on  ex- 
periments made  by  the  manufacturer  or  engineer.  Commercial  con- 
siderations will  limit  the  use  of  metal  and  the  thickness  of  the  slabs 
so  as  to  be  always  safe.  The  results  of  94  tests  show  that  nearly  every 
one  of  Mr.  A.  L.  Johnson's  statements  are  erroneous,  and  help  to  dis- 
credit his  formulas. 

To  sum  up:  the  author  believes  that  he  has  shown  the  commercial 
value  of  the  combination,  has  indicated  the  precautions  that  should 
be  taken  in  using  it,  has  added  materially  to  the  knowledge  of  the 
action  of  concrete  and  steel  in  combination,  and  has  offered  a  formula, 
not  new  in  form,  but  of  practical  value,  for  use  until  something 
better  can  be  obtained,  and  the  only  formula  based  on  a  knowledge 
of  the  actual  performance  of  the  material. 
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ADDRESS    AT    THE    ANNUAL     CONVENTION    AT 
DETROIT,  MICH.,  JULY  2r.TH,  1898. 


Bv  Alphonse  FxEiiEY,  President,  Am.  Soc.  C.  E. 


Our  Constitution  requires  that  the  President  address  your  body 
on  the  occasion  of  the  Annual  Convention.  While  rising  in  obedience 
to  this  mandate,  I  am  glad  of  the  opportunity  thus  given  me  to  ex- 
press at  this,  the  largest  meeting  of  the  year,  my  sense  of  the  high 
honor  conferred  when  you  found  me  worthy  of  being  called  to  the 
chair. 

It  was  formerly  the  duty  of  the  President  to  give  a  summary  of  the 
progress  in  engineering  during  the  preceding  year.  This  duty  does  not 
now  exist,  but,  inasmuch  as  a  number  of  my  predecessors  have 
selected  other  subjects  for  their  Annual  Addresses,  I  have  thought  it 
proper  to  return  to  the  old  practice,  although  the  engineering  field 
has  now  become  so  large  that  a  short  paper  can  give  but  a  very  in- 
complete sketch  of  the  subject. 

The  mileage  of  railways  built  in  the  United  States  in  1897  (2  108 
miles)  is  not  extensive.  It  hardly  varies  from  the  mileage  built  in  1896 
or  1895,  is  a  little  lower  than  that  of  1891,  and  far  below  that  of  1890 
to  1892  and  earlier  years.  Of  the  separate  States,  California  leads 
with   221  miles.     Canada   returns  395  miles,  and  Mexico  367   miles. 
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In  Canada,  the  Canadian  Pacific  Railway  has  done  a  vast  amount  of 
work  in  converting  temporary  into  permanent  work,  and  in  reducing 
the  grades  in  the  Rocky  Mountains;  and  improved  transportation 
facilities  for  the  grain  trade  have  been  inaugurated  by  the  construc- 
tion of  the  Ottawa  and  Parry  Sound  Railway  extension  to  Parry 
Sound  on  Lake  Huron. 

In  the  last  fiscal  year  714  miles  of  Indian  Railroads  were  opened, 
and  the  total  mileage  now  is  nearly  the  same  as  that  of  the  United 
Kingdom. 

In  Japan  the  progress  is  marked.  In  March,  1897,  the  passenger 
traffic  was  reported  to  be  2\.2%,  and  the  freight  traffic  15.1%  larger 
than  during  the  previous  fiscal  year,  and  further  development  on  a 
larger  scale  is  contemplated  and  partly  begun. 

In  China,  while  at  present  there  are  only  300  miles  of  railway, 
additional  lines,  involving  a  much  larger  development,  are  now  pro- 
jected, under  the  auspices  of  several  European  nations. 

The  great  Trans-Siberian  Railway  is  advancing  steadily  toward  its 
eastern  terminus. 

In  Africa,  the  Congo  Railway  from  Matardi  to  Stanley  Falls,  con- 
striicted  by  Belgian  engineers  with  Belgian  capital,  is  expected  to  be 
opened  before  the  end  of  this  summer,  and  the  Bulawayo  Railway,  in 
South  Africa,  was  opened  a  few  months  ago.  Even  in  Abyssinia  a 
line  from  the  coast  to  the  interior  of  the  country  is  projected. 

In  1896  the  United  States  had  41%  of  the  total  railway  mileage  of 
the  world,  as  against  43%  at  the  end  of  1892;  and  of  all  the  countries 
in  the  world  containing  20  000  miles  of  railways  or  more,  the  United 
States  stands  first  in  mileage  relatively  to  the  popxilation;  British 
America  coming  next,  with  France,  Germany,  Great  Britain,  Austria 
Hungary,  Russia  and  British  India  following  in  the  order  named. 

In  the  United  States,  while  the  actual  amount  of  construction 
has  not  been  large,  the  general  tendency  has  been  toward  an  in- 
crease of  ,speed  and  safety,  which  has  been  attained  by  the  in- 
troduction or  improvement  of  such  devices  as  heavier  rails,  the  air 
brake,  the  interlocking  system  of  signals  and  the  strengthening  of 
cars. 

The  block  system  of  signals  is  now  so  common  that  it  is  difficult  to 
realize  that  at  the  time  of  the  World's  Fair,  in  1893,  only  one  line  of 
railway  in  the  United  States  was  fully  provided  with  it. 
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The  equipment  in  general  is  being  j)erfectecl,  heavier  locomotives 
are  being  built,  and  the  eompound  locomotive'is  being  slowly  intro- 
duced with  promise  of  success.  Efforts  are  especially  being  made  to 
secure  uniformity  in  mechanical  devices.  The  result  of  the  labors 
of  a  committee  of  this  Society  has  had  much  to  do  with  the  intro- 
duction of  uniform  rail  sections,  and  you  will  be  called  ujjon  here  to 
decide  whether  a  similar  committee  shall  be  appointed  for  the  study 
of  a  uniform  type  for  rail  joints. 

Notable  progress  toward  the  abolition  of  grade  crossings  has  been 
made,  in  and  near  a  number  of  cities. 

In  recent  years,  extensive  and  more  commodious  terminal  and 
union  stations  have  been  built  in  large  cities;  a  conspicuous  instance 
is  the  Southern  Union  Station  now  being  built  for  a  i)art  of  the 
railway  system  w^hich  terminates  in  Boston;  the  intention  of  the 
builders  having  been  to  follow  the  most  recent  practice,  and  to 
arrange  the  construction  and  general  disposition  of  the  structure  so 
as  to  accommodate  it  to  a  very  large  and  increasing  through  and 
suburban  passenger  traffic. 

An  interesting  railway  transaction  of  great  magnitude  is  the  very 
recent  acquisition  of  all  the  Swiss  x'ailroads  by  the  State.  The  i-esnlts 
of  that  operation  will  be  watched  with  interest. 

Within  a  few  years  the  development  of  cable  and  electric  railways 
has  been  phenomenal  in  the  United  States  and  all  over  the  Avorld.  The 
advent  of  the  trolley  ear  has  revolutionized  travel,  and  affected  the 
movement  of  jiopulation  in  the  neighborhood  of  large  centers.  In 
some  instances,  electric  traction  has  begun  to  compete  with  local 
steam  railways,  and  the  cheap  fares  made  possible  by  its  economical 
installation  have  placed  travel  for  business  or  for  pleasure  within  the 
reach  of  the  poorest. 

Compressed  air  has  also  come  to  the  front  ;  as  an  instance  of  it, 
air  compound  motors  for  certain  lines  of  street  cars  in  New  York  City 
are  now  contracted  for. 

Only  a  few  years  ago  doubts  were  entertained  as  to  the  practical  ap- 
plication of  electricity  for  the  propulsion  of  trains.  At  the  time  that  the 
proposed  system  of  rapid  transit  for  New  York  City  ;B'as  being  agitated, 
opinions  were  divided  on  that  subject.  All  agreed  that  the  time  was 
near  when  the  problem  would  be  solved,  but  there  was  room  for  doubt 
as  to  the  actual  possibilities  of  the  system.     The  success  of  the  Illinois 
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Central  Railroad,  at  the  time  of  the  Chicago  Exposition,  showed  a  great 
advance.  Improvements  have  since  succeeded  one  another,  and  the 
electric  locomotive  is  now  firmly  established. 

Among  the  successful  examples  of  electric  propulsion  may  be 
mentioned  the  Baltimore  Belt  Line  of  the  Baltimore  and  Ohio  Rail- 
road; the  electric  high-speed  suburban  service  about  Cleveland,  in- 
ch;ding  six  different  lines  and  covering  long  distances,  and  many 
others  in  various  parts  of  the  country;  the  Chicago  elevated  railways; 
the  proposed  New  York  and  Boston  systems  of  rapid  transit;  the 
Boston  and  Nantasket  branch  of  the  New  York,  New  Haven  and  Hart- 
ford system;  the  third-rail  electric  system  between  Berlin  and  Hartford, 
Conn.  We  may  note  here  that  the  question  of  rendering  the  third  rail 
innocuous  after  the  passage  of  each  train  is  api^arently  solved. 

In  England,  the  Metropolitan  Railway  Company  and  the  Metro- 
politan District  Railway  Company  have  already  acquired  the  neces- 
sary i)arliamentary  rights  to  adopt  electricity  as  their  motive  power, 
and  are  said  to  be  waiting  until  the  new  Central  London  Railway,  the 
greatest  electrical  enterprise  in  England,  shall  have  been  in  operation. 

In  France,  the  proposed  new  terminal  of  the  Orleans  Railway,  con- 
sisting of  2^  miles  of  underground  railroad  in  the  heart  of  the  city  of 
Paris,  is  an  important  enterprise. 

In  Germany,  at  Hamburg  and  Bremen,  and  in  Hungai-y,  at  Buda- 
pest, the  electric  lines  are  highly  successful. 

In  Berlin,  it  has  been  recommended  that  the  city  build  a  system  of 
underground  railroads,  the  working  of  which  shall  be  left  to  a  cor- 
jioration. 

Great  advances  are  being  made  in  Japan,  and,  if  the  present  plans 
are  carried  out,  in  a  few  years  a  remarkable  development  of  its  electric 
railways  will  be  shown. 

On  the  subject  of  canals,  one  of  the  most  important  questions  in  the 
United  States  is  that  of  the  connection  between  the  Great  Lakes  and 
the  Atlantic.  A  United  States  Commission  is  now  at  work  on  a  report 
as  to  the  best  plan  to  be  recommended.  Opinions  differ  materially  as 
to  the  advisability  of  building,  from  the  Lakes  to  the  Atlantic,  a  deep 
ship  water-way  or  pne  of  smaller  dimensions.  An  interesting  paper  on 
that  subject  was  recently  discussed  at  one  of  our  meetings.  In  the 
meantime,  the  State  of  New  York  is  at  work  increasing  the  depth  of 
the  Erie  Canal  to  S  ft. 
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At  Sault  Ste.  Marie,  in  1897,  the  traffic  of  the  ship  canal  amounted 
to  18  954  000  tons,  a  tonnage  much  larger  than  that  of  the  Suez  Canal. 
The  Montreal,  Ottawa  &  Georgian  Bay  Ship  Canal  by  way  of  Georgian 
Bay  and  the  Ottawa  River,  which,  it  is  said,  will  save  1  100  miles  be- 
tween Chicago  and  Liverpool,  should  be  mentioned. 

The  recent  naval  operations  connected  with  the  present  war  with 
Spain  have  revived  the  (question  of  the  American  Isthmian  canals. 
The  feasibility  and  cost  of  the  Nicaragua  Canal  are  now  being  investi- 
gated by  a  United  States  Commission.  The  report  of  a  previous  Com- 
mission concluded  that  the  canal  is  feasible,  but  at  an  estimated  cost 
higher  than  was  reported  by  the  original  jjromoters  of  the  enterprise. 

In  the  meantime,  the  new  Panama  Canal  Company  is  at  work  on  the 
Isthmus,  and  is  now  making  a  further  engineering  study  of  that  work, 
■with  a  view  of  deciding  whether  the  undertaking  can  be  profitably 
pushed  through.  If  the  report  is  favorable,  an  effort  is  to  be  made  to 
find  the  necessary  capital  for  the  completion  of  the  canal. 

In  both  cases  it  appears  that  construction  was  begun  without 
sufficient  data,  and  that  the  most  serious  engineering  question  to  be 
solved  is  the  proper  and  safe  disposition  of  the  freshets  caused  by 
the  great  rainfalls  of  the  wet  season.  The  necessary  investigations 
are  now  being  made. 

In  France,  the  proposed  canal  from  the  Atlantic  to  the  Mediter- 
ranean has  been  finally  abandoned  as  too  costly. 

It  is  reported  that  the  Suez  Canal  is  to  be  deepened. 

In  Russia,  a  ship  canal  to  join  the  Baltic  and  Black  Seas  is  to  be 
begun  next  spring.  Of  the  1  080  miles,  the  reported  length  of  the 
canal,  875  miles  are  to  be  in  canalized  rivers,  leaving  only  125  miles  to 
be  excavated. 

In  Italy,  the  regulation  of  the  Tiber  River  is  nearly  completed. 
This  is  an  important  work,  the  total  cost  being  estimated  at  821 000  000. 

The  following  statistical  figures  as  to  the  cost  of  large  canals  in 
various  parts  of  the  world  are  thought  to  come  from  a  reliable  source: 


Name. 
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In  the  construction  of  bridges,  the  last  few  years  have  seen  a  fur- 
ther development  in  the  designs  of  structures  fdr  large  spans.  The 
United  States  Government  has  required  the  biiilding  of  such  bridges, 
up  to  1  000  ft.  span,  over  the  Ohio,  Mississip j**.  and  other  rivers.  The 
necessities  of  the  traffic  of  New  York  City  have  given  renewed  impetus 
to  the  designing  of  susjiension  bridges  of  unprecedented  sjjan,  and 
have  caused  the  introduction  of  novel  details,  made  practicable  by 
recent  improvements  in  the  manufacture  of  steel. 

The  perfection  of  the  methods  for  erecting  long  and  high  span 
trusses  has  also  rendered  these  operations  much  more  satisfactory  as 
to  cost,  and  as  to  the  important  element  of  the  time  necessary  to  carry 
them  out. 

The  recent  reconstruction  of  the  Niagara  Falls  Bridge  is  a  conspic- 
uous instance  of  the  best  modern  engineering  in  that  field,  and  the 
new  East  Eiver  Bridge  will  probably  be  the  prototype  of  others. 

The  varioiis  designs  for  a  much  larger  suspension  bridge  over  the 
Hudson  River  are  familiar  to  you,  and  have  carried  the  possibilities  of 
bridge  building  much  beyond  loug-accej)ted  limits. 

The  famous  Victoria  Bridge,  justly  considered  at  the  time  of 
its  construction  a  bold  and  novel  undertaking,  has  outlived  its 
usefulness  and  is  being  replaced  by  a  modern  steel  structure  of 
20  000  tons  (with  24  spans  of  254  ft.,  and  one  of  350  ft.),  which  will 
be  far  lighter  and  cheaper,  although  of  greater  strength,  than  the 
original  bridge. 

This  is  not  the  place  to  enumerate  the  many  bridge  structures 
recently  erected  or  designed  in  the  United  States  and  abroad,  but  I 
may  be  permitted  to  mention  here  the  bridge  Alexandre  III,  now  being 
erected  in  Paris  for  the  Exposition  of  1900,  a  very  light  steel-arch 
structure  of  352-ft.  span,  with  a  versed  sine  of  20  ft. 

There  has  been  a  tendency  in  recent  years  to  return  to  the  con- 
struction of  stone  arch  bridges,  whenever  local  conditions  as  to  cost  of 
foundation  and  length  of  span  have  justified  the  generally  larger  out- 
lay necessitated  by  this  class  of  more  i)ermanent  structures.  In  this 
connection,  the  recent  introduction  of  the  three-hinged  masonry  arch 
must  be  noted.  A  jiaper  to  be  read  before  you  at  this  meeting  con- 
tains an  exhaustive  analysis  of  this  interesting  subject. 

The  Melan  arch,  of  which  many  examjiles  have  been  presented  in 
recent  years,  has  pushed  to  the  front  the  principle  of  the  mixed  con- 
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striiction  of  masonry  ami  metal.  Altlioufrh,  owinf^  to  the  changes  of 
form  produced  1)y  varying  temperatures  and  by  the  internal  move- 
ments due  to  the  behavior  of  masonry  befoi'e  it  is  entirely  set,  there 
may  remain  some  doubt  as  to  the  i)erfect  homogeneity  of  this  class  of 
construction;  success  has,  undoubtedly,  been  achieved  in  many  cases, 
but  time  alone  can  give  final  sanction  to  the  Avide  adojition  of  struct- 
ures of  this  class. 

The  arch  bridge  at  Topeka,  Kan.,  said  to  be  the  largest  of  that 
description,  costing  ^150  000,  and  containing  only  140  tons  of  steel, 
is  a  cons2)icuous  instance  of  this  method  of  construction. 

As  a  matter  of  i-ecord,  it  may  be  of  interest  to  note  that  the  pro- 
ject of  a  bridge  across  the  British  Channel  has  been  recently  revivetl. 

When  the  modern  high  building  of  skeleton  steel  with  masonry 
walls  was  first  introduced  for  business  i)uri)oses,  some  doubts  existed 
as  to  its  permanency.  Many  new  problems  as  to  the  stalnlity  and  fire- 
resisting  properties  of  such  buildings  presented  themselves,  but  the 
complicated  questions  of  their  equipment,  including  unti'ied  methods 
of  carrying  passengers  and  of  supplying  water,  sewerage,  heating, 
ventilation,  etc.,  appear  to  have  been  solved  satisfactorily.  High 
buildings  have  been  erected  on  various  kinds  of  foundations.  In 
many  cases  solid  rock  has  been  reached  at  gi-eat  depths,  and  com- 
pressed air  has  been  resorted  to  in  the  building  of  the  main  supjjorts; 
in  others,  the  weight  has  been  so  distributed  over  uniformly  yielding 
materials  as  not  to  tax  them  beyond  practical  limits.  Frequently, 
where  the  resistance  of  the  groi;nd  Avas  not  uniform,  the  adaptation 
of  various  parts  of  the  structure  to  the  weight  to  be  supi)orted  at 
each  place  taxed  to  the  utmost  the  ingenuity  of  the  l)uilders.  In 
certain  cases,  mechanical  devices  have  been  introduced  for  the  pur- 
pose of  meeting  possible  irregular  settlements.  The  distribution  of 
weight  on  yielding  foundations  has  often  been  accomplished  bv 
clusters  of  steel  beams  imbedded  in  concrete.  At  times,  when 
the  foundations  of  proposed  structures  extended  below  the  lowest 
point  of  the  foundation  walls  of  neighboring  buildings,  it  was  neces- 
sary to  support  the  latter,  and  at  the  same  time  not  to  interfere  with 
the  operations  of  construction,  genei-ally  conducted  on  restricted 
areas  ;  this  result  was  accomplished  by  the  introduction  of  novel  and 
ingenious  devices.  The  necessity  for  reducing  the  weight  of  buildings 
has  resulted  in  the  reduction  of  the  masonry  pari  to  a  minimum  bv 
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the  adoption  of  floors  which  possess  lightness  and  strength  as  well  as 
fireproof  qualities.  The  rapidity  and  ease  with  which  these  extensive 
buildings  are  erected  without  extraordinary  impediment  to  travel  in 
crowded  streets  is  remarkable. 

Whatever  credit  is  due  to  the  architectural  profession  for  inaugii- 
rating  this  class  of  buildings,  it  is  hardly  necessary  to  say  that 
much  of  the  success  achieved  is  due  to  the  engineering  profession  in 
all  its  branches,  and  that  much  progress  has  been  made  in  this  line 
of  engineering  work. 

The  future  of  the  high  building,  with  its  many  parts  out  of  reach, 
and  without  possibility  of  examination  and  maintenance,  is  now  diffi- 
cult to  predict.  Several  modern  tire-proof  buildings  have  stood  well 
the  test  of  fire,  but  no  great  conflagration  has  occurred  to  show  what 
the  results  of  such  a  contingency  would  be.  In  a  recent  earthquake 
on  the  Pacific  Coast,  modern  high  buildings  are  reported  not  to  have 
sufi'ered. 

Outside  of  constructive  possibilities,  however,  other  questions 
which  may  have  an  important  bearing  on  the  future  of  high  structures 
present  themselves:  Their  influence  on  real  estate  values,  on  the 
growing  acciimulation  of  population  in  the  business  districts,  and  on 
the  problems  of  water-works  and  sewerage.  Should  the  erection  of 
high  buildings  extend  more  and  more,  the  sanitary  condition  of  the 
people  passing  a  part  of  their  life  in  districts  thus  built  up  would  be- 
come a  serious  question,  and  one  which  should  be  taken  in  hand  by 
the  proper  authorities. 

The  height  of  these  buildings  is  now,  in  many  cases,  too  great,  and 
if  this  style  of  construction  is  to  go  on  it  is  most  probable  that  it  will 
be  limited  everywhere  by  law,  as  has  been  done  in  several  cities. 

The  constantly  increasing  size  and  draught  of  large  vessels  for 
commercial  and  military  purposes  make  it  necessary  in  many  cases  to 
deejjen  harbors,  and  also  enhance  the  cost  of  docks,  dry-docks  and  of 
all  structures  connected  with  river  and  harbor  works,  the  size  of 
which  depends  upon  the  depth  of  adjacent  waters. 

For  the  jnirpose  of  facilitating  navigation  in  rivers  and  harbors, 
great  improvements  have  been  made  in  dredging  iipi)aratus,  the  capa- 
bilities of  which  have  rendered  possible  excavations  which  would  have 
otherwise  required  too  much  expenditure  of  time  and  money.  In  this 
country  the  dredging  operations  on  the  Mississippi  River  have  reached 
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au  unexpected  developmeut  and  success.     An  elaborate  paper  on  that 
subject  will  be  submitted  to  you  at  this  meeting. 

Hydraulic  dredging  on  a  large  scale  has  been  extensively  resorted 
to  in  England,  France,  Australia  and  other  parts  of  the  world,  the 
dredging  operations  being  prosecuted,  at  times,  in  exposed  places 
where  high  seas  had  to  be  continuoiisly  overcome. 

The  great  docks  of  Duluth  aud  Sufjerior,  recently  built  to  accom- 
modate the  large  grain  crops  of  the  two  Dakotas  and  part  of  Iowa 
and  a  great  amount  of  iron  ore,  coal  aud  other  i)roducts,  the  new 
Liverpool  docks  and  the  recent  dock  improvements  of  Dunkerque  and 
Calais,  are  examples  of  modern  designs  in  that  line. 

When  considering  the  small  number  of  large  dry  docks  now  in  the 
possession  of  the  United  States  Government,  it  is  gratifying  to  note 
that  the  construction  of  a  number  of  new  ones  to  accommodate  the 
navy,  is  contemplated. 

In  this  connection  may  be  mentioned  the  new  breakwater,  20  000 
ft.  long,  constructed  by  the  Government  at  Buffalo,  Avhich  is  the 
largest  on  record. 

The  subject  of  supplying  cities  and  towns  with  pure  water  is  ac- 
quiring more  importance  every  day.  The  number  of  places  in  the 
United  States  now  possessing  a  public  water  supply,  whether  under 
l^ublic  or  private  ownership,  is  nearly  4  000;  but,  while  systems  of  works 
increase  in  number  and  imjjortance,  it  would  seem  that  we  lack  in  this 
country  the  faculty  of  properly  regulating  them  as  regards  the  quanti- 
ties to  be  furnished.  In  large  cities,  with  some  exceptions,  the  per 
capita  consumption  is  increasing,  and  in  several  of  them  the  amount 
consumed  attains  absolutely  inordinate  proportions,  although,  in 
some  of  them,  every  gallon  of  it  has  to  be  pumped.  The  old  cry 
that  water  in  our  communities  should  be  as  free  as  aii-  is  heard  from 
people,  who  from  their  intelligence  and  business  habits  should  know 
better,  and  the  taxpayer  does  not  stoji  to  think  of  the  result  of  extrava- 
gance in  water  consumption.  More  water  means  more  and  larger 
pipes,  more  capacioiis  reservoirs,  more  pumping  stations,  and,  in 
many  cases,  new  sources  of  supply,  with  the  attendant  large  outlays 
necessary  to  procure  them.  It  also  means  increased  risks  in  some 
cases,  as  in  New  York,  it  becomes  a  ijroblem  to  locate  water  pipes 
properly  in  already  crowded  streets.  That  there  is  a  large  waste  of 
water  is  admitted  by  all,  but  the  means  of  checking  it  are  not  gener- 
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ally  ajjplied.  Objections  are  raised  as  to  a  more  extended  system  of 
making  consumers  pay  for  the  amount  of  water  actually  consumed, 
and  clumsy  and  inaccurate  methods  of  estimating  the  amount  and 
value  of  the  water  used  are  resorted  to,  which  not  only  would  not  be 
tolerated  for  the  sale  of  other  commodities,  but  would  be  considered 
absolutely  ridiculous. 

The  consequences  of  excessive  consumption  of  water  are  ominoiis. 
Take  the  case  of  New  York:  In  1890  its  new  aqueduct  was  put  into  ser- 
vice, the  consumption  then  being  110  000  000  gallons  per  day".  After 
nearly  eight  years,  the  average  for  1897  was  230  000  000  gallons  per 
day,  a  2ier  capita  rate  of  about  115  gallons.  At  this  rate  the  new 
system  of  water  supply  begun  over  ten  years  ago  and  constructed  at  a 
very  large  cost  will  soon  be  insufficient  in  a  dry  year,  and  new  sources 
will  have  to  be  developed  at  a  much  greater  cost. 

The  large  cities  of  this  country,  which,  located  on  the  sea  coast, 
have  no  fresh  water  within  easy  reach,  have  generally  taken  too  great 
risks  in  the  matter  of  their  water  supply,  and  it  is  to  be  wondered  at  that 
no  harm  has  resulted  from  this  policy;  those  especially  where  the  den- 
sity of  the  population  is  great  should  have  more  than  one  system  of 
water  supply,  and  it  is  to  be  hoped  that  this  view  of  the  subject  may 
be  adopted. 

With  the  advance  of  sanitary  science,  however,  the  need  of  purer 
water  has  been  felt,  and  efforts  have  been  made  in  many  directions  to 
improve  public  water  supplies.  Where  they  are  obtained  by  im- 
pounding river  waters  in  storage  reservoirs  formed  by  damming  the 
streams,  great  inconvenience  has  been  felt  from  offensive  tastes  and 
odors,  generally  produced  by  the  develoj^ment  of  microscopic  vegeta- 
tion. Efforts  have  been  made  to  improve  the  gathermg  grounds  and 
the  reservoirs,  and  in  a  number  of  cases,  esiJecially  in  and  about 
Boston,  the  soil,  down  to  the  underlying  sand  and  gravel,  has  been  re- 
moved at  a  large  expense,  to  the  great  benefit  of  the  impounded 
waters.  In  cases  where  the  same  inconveniences  have  been  experi- 
enced in  underground  waters  pumped  into  reservoirs  exposed  to  the 
light,  a  notable  improvement  has  been  produced  by  covering  the 
reservoirs. 

Miich  attention  has  been  given  in  late  years  to  the  study  of  filtra- 
tion processes.  Thirty  years  ago,  an  eminent  member  of  this  Society 
and  one  of  its  late  Past  Presidents,  prepared,  for  the  benefit  of  the 
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St.  Louis  Water-Works,  a  report  ou  "  Water  Filtration,  "  which,  for 
many  years,  was  the  most  valuable  text-book  on  the  subject.  It  was 
then  thoup:ht,  and  it  was  so  maintained  for  many  years,  that  hardly 
any  chemical  action  took  i)lace  in  the  filtering  of  water,  and  that  the 
main  function  of  the  filter  was  to  retain  the  particles  suspended  in  the 
Avater,  very  little  action  taking  place  ou  matters  contained  in  solution. 
Little  was  known  of  the  influence  of  filters  on  bacterial  life. 

Within  a  small  number  of  years,  however,  especially  through  the 
eflforts  of  the  Massachusetts  State  Board  of  Health  in  conducting  at 
the  experimental  station  at  Lawrence  its  well  known  series  of  experi- 
ments, results  have  been  obtained  which  have  revolutionized  the 
theory  of  water  filtering.  Radical  chemical  and  biological  changes 
have  been  found  to  take  place  in  the  operation  of  filtering,  aud  bac- 
terial life  has  been  recognized  as  the  most  jjotent  instrument  for  the 
conversion  of  organic  matters  into  mineral  compoimds,  while  it  oper- 
ates at  the  sanie  time  as  an  agent  of  almost  complete  self-destruction, 
provided,  of  course,  that  the  construction  of  the  filters,  the  selection 
of  the  filtering  materials  used  and  the  subsequent  care  of  the  appa- 
ratus are  such  as  to  properly  carry  out  the  results  indicated  by  the 
laboratory  experiments. 

A  number  of  different  materials  have  been  recommended  and  used 
as  filtering  media  with  varying  success  ;  the  most  extensively  used 
have  been  sand  and  gravel.  Sand  filtei-s  have  been  in  use  in  Eiirope 
for  many  years,  long  before  the  full  measure  of  their  usefulness  was 
known,  and  the  modern  applications  of  the  system  have  been  highly 
instructive.  We  all  recollect  the  striking  results  of  the  difl:erences  in 
mortality  in  Altoona  and  Hamljurg  during  the  recent  epidemic  of 
cholera,  when  the  first-named  city,  with  a  water  supply  jJoUuted  by 
sewage  but  filtered,  showed  only  sporadic  cases,  Avhile  in  Hamburg 
the  water  supply,  less  polluted,  but  not  filtered,  was  recognized  as  the 
cause  of  the  heavy  mortality  recorded. 

No  large  systems  of  what  may  be  called  gravity  sand  filters  exist  in 
America,  but  important  communities  have  been  recently  and  are  now 
making  extensive  experiments  with  a  view  to  building  some,  and  in 
one  instance  at  least,  in  Albany,  a  system  of  filters  on  a  large  scale  is 
now  under  construction. 

In  mechanical  filters,  in  which  various  filtering  substances,  mainly 
sand,  are  used,   coagulants  are  generally  used  to  eliminate   a  large 
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portion  of  the  organic  and  other  matters  contained  in  the  water,  and 
sufficient  pressure  is  applied  to  force  the  water  through  the  filtering 
medium  so  as  to  cause  a  flow  of  water  larger  than  through  gravity 
niters,  per  unit  of  area.  They  have  been  used  for  years  and  have  re- 
cently been  so  perfected  as  to  be  reported  by  their  inventors  as  capable 
of  successfully  competing  with  gravity  filters  in  cost  and  in  efficiency. 
Two  very  important  series  of  exj^eriments  have  been  made  by  large  cities 
to  investigate  the  merits  of  the  mechanical  filter.  Further  developments 
and  added  experience  Mill  evidently  be  needed  to  decide  the  question. 
Prom  reports  made  by  capable  experts  in  behalf  of  communities  in 
search  of  advice  for  the  purpose  of  constructing  filtering  apparatus,  it 
appears  that  the  choice  between  the  two  systems,  in  many  cases,  must 
be  determined  by  local  circumstances,  depending  mainly  on  the  cost 
of  the  filtering  materials  and  on  the  quality  of  the  water. 

The  public  apjDears  to  realize  now,  more  than  ever,  the  desir- 
ability, if  not  the  absolute  necessity,  of  procuring  jjurer  water,  and  the 
close  connection  between  pure  water  and  improved  public  health  is 
better  understood  by  public  bodies.  From  an  economical  standpoint 
alone,  when  considering  the  commercial  value  of  each  human  life,  the 
saving  effected  by  diminishing  the  mortality  would  represent  a  large 
capital. 

Construction  operations  for  the  building  of  water-works  are  now 
active,  and  important  plans  are  being  studied  and  elaborated  for  the 
enlargement  of  actual  supplies.  The  State  of  Massachusetts  is  push- 
ing actively  the  construction  of  its  Metropolitan  system.  This  remarka- 
ble work,  which,  with  its  unusual  features  of  possible  future  and  general 
development  up  to  very  remote  limits,  was  verbally  described  before 
you  at  the  Convention  of  1895,  is  now  completed  as  regards  the 
means  of  water  conveyance  designed  for  the  present.  Jersey  City  is 
asking  for  bids  for  a  large  supply;  Philadelphia  is  wrestling  with  the 
problem  of  its  inordinate  consumption  and  of  the  purification  of  its 
siipply;  Louisville  has  recently  erected  model  pumping  works;  and 
Cincinnati  is  building  a  new  supply  on  a  very  large  scale.  Important 
works  are  also  building  in  almost  all  parts  of  Europe,  to  an  extent 
generally  little  known  here. 

Construction  has  been  favored  by  the  decreasing  price  of  iron  and 
steel.  The  price  of  cast-iron  pipes,  especially,  has  never  been  so  low 
as  it  is  at  present. 
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Steel  riveted  pipes,  for  the  conveyance  of  water  from  the  source  of 
supply  to  the  jjoint  of  consumption,  in  recent  years  have  been  intro- 
duced more  liberally  in  the  East.  For  long  distances,  with  large 
diameters,  under  heavy  water  pressure,  especially  when  few  connec- 
tions have  to  be  used  on  the  Avay,  tliese  pipes  are  as  muc^h  superior 
to  cast-iron  pipes  as  the  steel  substitute  is  to  the  old  cast-iron  tension 
member  of  a  bridge,  and  it  is  not  doubted  that  they  will  be  ultimately 
used  to  the  exclusion  of  others,  but,  unfortunately,  although  similar 
pipes  made  of  wrought  iron  have  been  successfully  used  for  years 
on  the  Pacific  Coast  and  elsewhere,  it  cannot  be  said  that  the  coat- 
ings used  to  preserve  the  metal  from  oxidation  are  entirely  satis- 
factory. The  rivets  used  for  fastening  the  pipes  and  the  lapping- 
joints  impede  the  flow  to  a  certain  extent,  and  a  pipe  has  been  devised,, 
the  fastenings  of  which  are  entirely  outside  and  provide  the  pipe  with 
a  smooth  bore.  The  great  improvement  in  steel-welded  pipes  of  large 
diameter  will  also  remedy  that  defect  to  a  large  extent.  An  order  is 
reported  of  several  thousand  tons  of  welded  pijies  to  be  made  of 
Siemens-Martin  mild  steel,  24  ft.  long  and  42  ins.  in  diameter,  for 
the  Birmingham  Water-Works.  The  possibilities  of  steel  pipes  are 
well  iUustrated  by  the  jjroposition  to  convey  a  much-needed  supjily 
of  water,  of  5  000  000  galls,  per  day,  to  a  mining  district  of  West- 
em  Australia,  by  means  of  a  pipe  30  ins.  in  diameter  and  328  miles 
long. 

The  construction  of  water-works  and  of  irrigation  works  has  rend- 
ered necessary,  in  recent  years,  the  erection  of  many  dams  for  the 
impounding  of  water,  a  number  of  them  being  of  great  height.  Few- 
new  principles  of  construction  have  been  introduced,  but  improved 
methods  for  the  building  operations  have  been  resorted  to,  thereby 
reducing  the  ultimate  cost  and  the  time  necessary  for  the  completion 
of  the  structures. 

The  solid  stone  masonry  section,  on  the  general  plan  originally  iu- 
troduced  by  the  French  engineers,  has  been  accepted  in  many  places; 
the  general  practice  now  being  to  use  large  stones  with  the  necessary  fill- 
ing of  spawls  instead  of  the  uniform  small-stone  masonry,  formerly 
adopted  and  even  recently  recommended  by  eminent  engineers.  Else- 
Avhere,  concrete  masonry  has  been  adopted,  this  course  being  generally 
indicated  by  local  circumstances,  such  as  the  high  cost  of,  or  even  the 
lack  of,  stone  in  the  vicinity.     In  recent  instances  of  concrete  dams. 
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slight  vertical  cracks  have  developed  which  have  been  less  frequently 
found,  if  at  all,  in  well-built  stone  masonry,  owing  probably  to  the 
more  thorough  bonding  of  the  mass  by  means  of  the  interlocking  of 
heavy  stones.  In  the  western  part  of  the  United  States,  rock-filled 
dams  have  been  built,  the  imperviousness  of  the  structure  being  pro- 
cured by  the  construction  of  core-walls,  by  the  building  of  a  tim- 
ber lining  on  the  up-stream  side  or  by  other  devices.  The  earth 
dam  continues  to  be  universally  used;  parts  of  India  and  of  the 
United  States  showing  recent  instances  of  this  mode  of  construction 
for  high  dams,  mostly  with  the  aid  of  puddle,  or  masonry  and  concrete 
core-walls.  A  peculiar  core,  formed  of  thin  sheet-iron,  used  in  connec- 
tion with  a  recent  rock-tilled  dam  in  California  is  worthy  of  notice,  if 
not  of  imitation. 

It  is  to  be  regretted  that  theoretical  calculations  cannot  be  accu- 
rately applied  to  the  computations  of  the  stability  of  dams.  The  dis- 
tribution of  strains  through  such  masses  is  not  well  known;  moreover, 
the  diversity  of  the  materials  used;  the  unavoidable  lack  of  uniformity 
in  the  labor  employed,  the  dififerent  times  of  the  year  in  which 
the  work  is  performed  under  varying  temperatures,  are  all  ele- 
ments which  cannot  be  accurately  analyzed,  although  they  can  be 
provided  for  by  the  introduction  of  the  too  often  necessary  margin  of 
safety.  Experience  must  here  come  to  the  rescue  of  the  designers,  and 
dictate  the  necessary  precaxations  to  be  used  in  accordance  with  known 
precedents.  Especially  is  this  true  of  the  designing  of  earth  dams,  for 
which,  in  almost  every  instance,  a  careful  study  must  be  made  of  the 
particular  materials  at  hand  for  construction. 

The  uncertainties  just  alluded  to  have  been  eliminated  in  the  design 
of  a  dam  of  moderate  size,  the  building  of  which  has  been  recently 
reported.  It  is  formed  of  steel  columns  and  struts  reposing  directly 
on  the  bottom  of  the  valley,  the  up-stream  side  being  formed  of  steel 
plates  rendered  water  tight  by  the  application  of  a  bituminous  coat- 
ing. It  is  possible  that  in  many  instances  the  cost  of  such  a  design 
would  be  too  high  for  practical  purposes,  and  some  of  its  features  may 
not  be  unobjectionable,  but  it  is  noteworthy. 

The  safety  of  dams  is  so  essential  to  those  who  depend  \\Y>on  them 
for  their  water  supply  or  for  irrigation,  and  especially  to  those  whose 
lives  would  be  endangered  by  their  destruction,  that  they  should  be 
designed  with  skill  and  care,  and  it  is  a  painful  duty  to  look  over  the 
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record  of  the  variously  disastrous  failures  wbicli  have  occurred,  caused 
by  defects  which  could  have  been  avoided. 

Many  dams  of  importance  have  been  recently  constructed  or  are 
in  process  of  construction  or  of  preparation.  The  Periar  dam,  in  the 
Province  of  Madras,  173  ft.  high,  was  completed  in  1893,  under  excep- 
tional difficulties,  for  irrigation  purposes.  The  dam  built  for  the  water 
works  of  the  City  of  Remscheid,  Germany,  was  also  recently  erected. 
In  the  masonry  dam  of  La  Tache,  in  France,  the  old  French  practice  of 
using  such  small  stones  only  as  two  men  could  carry  has  been  con- 
tinued, although  convenient  quarries  were  at  hand. 

The  new  Croton  Dam  for  the  water-works  of  New  York,  to  be  of 
masonry  and  earth  work,  a  structure  of  great  height  and  involving  the 
laying  of  over  600  000  cu.  yds.  of  masonry,  is  well  advanced. 

In  the  States  of  California  and  Arizona  especially,  a  large  number 
of  dams,  mostly  for  irrigation  purposes,  have  been  recently  completed 
or  are  being  erected.  The  Upper  and  Lower  Otay  dams,  one  of  them 
l)rovided  with  a  thin  steel  core,  are  important  in  size. 

Several  masonry  dams  in  Arizona,  of  great  height,  may  be  men- 
tioned; one  of  them  to  be  250  ft.  high  above  foundation,  and  to  form 
a  reservoir  of  the  enormous  capacity  of  1  020  000  acre-feet. 

La  Mesa  dam,  in  California,  was  built  with  materials  transported 
and  deposited  in  place  by  flowing  water,  by  the  process  known  to 
miners  as  "ground  sluicing."  Another,  to  be  130  ft.  high,  is  expected 
to  be  built  by  the  same  method. 

The  Louisa  Needle  Dam,  built  for  the  regulation  of  the  Big  Sandy 
Eiver,  Ky. ,  recently  completed,  is  remarkable  from  the  fact  that  it 
sustains  a  head  of  water  which  considerably  exceeds  that  supported  by 
any  other  dam  of  the  trestle  or  wicket  type  yet  constructed. 

As  the  needs  of  water  supply  and  irrigation  call  for  higher  dams, 
the  reservoirs  formed  thereby  are  obviously  increasing  in  size,  and 
figures  are  now  being  reached  as  to  reservoir  capacities,  which 
recall  the  size  of  the  great  ancient  reservoirs,  the  knowledge  of 
Avhose  existence  has  been  transmitted  to  us  by  tradition,  if  not  by 
history.  The  idea  of  the  restoration  of  the  great  compensating 
resei'voirs  of  the  Nile,  spoken  of  some  time  ago,  does  not  appear  to 
be  any  longer  entertained,  but  the  erection  of  two  dams  across  the 
river,  with  a  proposed  storage  of  266  000  million  gallons,  for  the  pur- 
jjose  of  regulating  its  flow,  is  now  being  seriously  contemplated,  if  not 
alreadv  started. 
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The  system  of  compensating  reservoirs  for  the  Mississippi  Basin 
is  well  under  way. 

As  large  reservoirs  are  being  introduced  the  units  generally  used 
for  expressing  their  capacity  appear  inappropriate.  They  do  not  con- 
vey to  the  mind  a  clear  and  direct  impression  of  size,  and  some  of  the 
units  used  for  irrigation  works  would  be  more  apjjropriate.  The  ex- 
pression of  the  capacity  of  a  large  reservoir  in  acre-feet,  for  instance, 
would  be  more  simple  and  satisfactory  than  its  equivalent  in  thousand 
millions  of  gallons. 

The  construction  of  sewers  keeps  pace  with  the  general  develop- 
ment of  municipal  engineering;  the  second  part  of  the  metropolitan 
system  of  sewers  for  Boston  and  the  neighboring  cities  and  towns  has 
been  practically  completed ;  the  great  Drainage  Canal  of  Chicago  is  ap- 
proaching completion,  and,  in  connection  with  it,  intercei^ting  sewers 
of  large  diameter  ai-e  being  built  under  peculiar  difficulties;  many 
other  systems  of  sewers  are  in  process  of  construction  or  in  prepa- 
ration. 

The  question  of  the  disposal  of  the  sewage  from  cities  and  towns, 
in  view  of  preventing  the  pollution  of  sti'eams,  is  especially  occiipying- 
the  attention  of  municipal  engineers.  Many  reports  recently  made  on 
the  subject  have  attracted  the  attention  of  the  profession,  and  in 
several  States  commissions  have  been  appointed  for  the  purpose  of 
studying  this  2>i'oblem  in  reference  to  the  welfare  of  adjacent  and 
neighboring  communities.  Those  who  are  studying  these  questions, 
however,  are  much  hampered  by  the  lack  of  proper  laws,  and,  in  many 
cases,  special  legislation  must  be  procured.  A  commission  has  been 
recently  appointed  in  the  State  of  Connecticut  for  the  above-men- 
tioned purpose,  and  the  State  of  New  Jersey  is  now  attempting  to 
procure  the  necessary  legislation  in  order  to  properly  define  the  rights 
and  duties  of  the  various  communities  interested  in  the  purification  of 
the  Passaic  River,  now  much  polluted  by  sewage. 

The  practical  api^lications  of  the  various  systems  of  disposal  of 
sewage  are  comparatively  few  in  this  country,  although  new  works  of 
that  description,  on  the  principle  of  irrigation,  filtration  and  chemical 
precipitation,  have  been  inaugurated  within  the  last  few  years.  The 
chemical  pi-ecipitation  system  of  London,  with  its  production  and 
disposal  of  2  000  000  tons  of  sludge  in  1897,  remains  the  largest  ex- 
ponent of  that  class  of  work. 
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Paris  completed  in  1895,  by  meaus  of  the  Aclieres  Aqueduct  aud 
Park,  a  large  addition  to  its  irrigation  system  which  disposes  to-day  of 
one-half  of  the  total  How  of  the  sewers  of  the  city,  and  Berlin  has  so 
added  to  its  irrigation  fields  that  their  total  area  is  20%"  larger  than 
that  of  the  city. 

Much  attention  is  being  given  in  many  directions  to  the  disposal  or 
utilization  of  the  waste  of  large  cities,  ('remation  processes  appear  to 
be  looked  upon  with  increased  favor  as  being  the  more  economical; 
great  advance  has  been  made  in  that  direction  in  Hamburg  aud  Berlin. 
It  would  seem  that  the  greater  amount  of  coal  wasted  in  this  country 
should  make  this  process  more  successful. 

Reduction  i)rocesses  of  various  kiuds  have  met  abroad  with  a  mod- 
erate degree  of  success.  Several  important  plants  have  been  and  are 
being  built  in  the  United  States  ;  they  have  not  been  an  entire  success 
so  far,  and  may  be  said  to  have  hardly  passed  the  experimental  period. 

The  construction  of  recent  tunnels  for  railroads,  water- works^ 
sewers  and  other  purposes  shows  marked  progress.  Tunnels  are  driven 
at  a  more  moderate  cost,  in  less  time,  and  diflficulties  are  surmounted 
Avith  greater  ease.  In  crowded  streets,  underground  building  opera- 
tions, at  times  very  near  the  street  surface,  have  taken  place  with  least 
injury  to  buildings  and  without  interruption  to  traffic,  or  danger  and 
inconvenience  to  citizens.  Parts  of  the  London  Metropolitan  Rail- 
road, the  underground  railroad  under  the  Boulevard  St.  Michel  in 
Paris,  and  the  partly  completed  subway  of  Boston  are  conspicuous 
instances  of  tunnel  operations  conducted  in  accordance  with  the  most 
recent  methods.  By  similar  means,  one  of  the  main  French  railroad 
lines  is  to  transfer  its  terminus  from  the  outskirts  of  Paris  to  its  most 
central  part.  The  proposed  underground  Rapid  Transit  system  of 
New  York  City  may  soon  give  another  illustration  of  the  possibility  of 
building  conveniently  and  rapidly  through  crowded  streets.  With  the 
perfected  driving  shield,  the  use  of  compressed  air,  and  the  methods 
of  excavation  recently  used,  few  difficulties  would  appear  to  be  insur- 
mountable. 

The  project  of  the  Simplon  tunnel  through  the  Alps  is  coming  to 
the  front  again,  and  although  not  yet  fully  financed,  construction  is 
soon  expected  to  start.  It  is  15  miles  long,  and,  notwithstanding  its 
great  length,  is  expected  to  require  one-fourth  the  time  devoted  to  the 
construction  of  the  Mont  f'enis  Tunnel,  and  to  cost  one-half  as  much. 
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With  the  advent  of  electric  propulsion,  the  necessity  for  thorough 
ventilation  in  tunnels  used  for  urban  transportation  does  not  appear 
to  be  considered  so  important  as  formerly.  It  is  to  be  hoped  that 
efforts  are  to  be  made  to  so  renew  the  air  in  tunnels  as  to  reduce 
to  a  minimum,  when  required,  the  atmospheric  diflferences  between 
the  inside  and  the  outside;  the  changes  experienced  in  some  of  the 
existing  structures  being  sufficient  to  materially  afiect  public  health. 

The  science  of  electricity  has  advanced  by  such  strides  that  its 
evolution,  it  may  be  said,  brings  every  day  new  surprises,  and  that 
its  application  to  engineering  purposes  requires  the  attention  of 
specially  trained  men.  A  few  words  have  already  been  said  of  the 
adaptation  of  electricity  to  traction.  There  is,  indeed,  hardly  a 
branch  of  engineering  in  which  it  cannot  be  introduced  with  success. 

Its  extensive  application  to  the  treatment  of  metals  forms  the  sub- 
ject of  the  recent  annual  address  of  the  President  of  the  Institution 
of  Electrical  Engineers  of  England,  and  its  use  in  mining  operations 
is  being  gradually  extended.  Its  universal  introduction  for  the  pro- 
duction of  power  covers  a  field  the  limits  of  which  it  would  be  diffi- 
cult to  define. 

By  its  aid  grain  is  moved,  elevators  are  worked,  water  is  elevated 
for  public  purposes,  and  many  functions  are  performed  in  a  most  con- 
venient and  often  in  an  economical  manner. 

The  substitution  of  individual  electric  motors  in  the  place  of  shaft- 
ing and  pulleys  is  gaining  ground,  and  the  improvement  thus  accom- 
plished has  been  so  important  as  to  already  cause  a  marked  movement 
toward  a  radical  modification  in  the  construction  of  mills,  which  can 
in  this  way  be  built  more  economically  and  with  better  conditions 
as  to  light  and  ventilation. 

On  the  other  hand,  flexible  transmission  by  cable  (except  for  trac- 
tion purposes)  is  steadily  losing  ground. 

The  plants,  having  steam  or  water  for  their  source  of  jjower,  which 
have  been  or  are  being  erected  in  many  countries,  for  the  production 
of  electricity,  are  so  numerous  that  it  is  difficult  to  procure  statistical 
data  giving  a  general  idea  of  their  number  or  importance.  Examples  of 
them  can  be  found  in  almost  all  cities  or  towns  of  any  importance;  and, 
although  comparatively  recent,  they  represent  an  enormous  capital. 

A  new  impetus  has  thus  been  given  to  the  development  of  water 
power  plants,  which,  prior  to  the  introduction  of  electricity  on  so  large 
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a  8cale,  had  lost  much  of  their  importance.  England,  France,  Ger- 
many and  Italy  present  interesting  instances  of  these  modern  establish- 
ments, and  you  have  heard  of  some  of  the  largest  enterprises  in  this 
country  and  Canada  where  immense  power  is  now,  or  is  to  be,  trans- 
mitted to  great  distances.  As  an  instance  of  the  rapid  development  of 
electricity-producing  plants  may  be  noted  the  fact  that  a  single  con- 
structing company  reports  for  the  years  1895  to  1897,  inclusive,  the  con- 
struction of  76  plants,  of  which  28  are  moved  by  steam,  with  power 
varying  from  a  few  hundred  to  a  maximum  of  12  000  H.-P. 

In  a  series  of  experiments  made  recently  in  Boston  and  then  favor- 
ably reported  on,  success  was  attained  in  producing  electricity  directly 
from  coal.  The  prospect  of  a  possible  utilization  of  coal  with  a 
minimum  loss  of  the  original  solar  energy,  through  the  elimination  of 
intermediate  mechanical  devices,  has  obviously  attracted  much  atten- 
tion, but  the  laboratory  work  does  not  appear  to  have  been  followed  by 
practical  results,  and  electricians  ai-e  without  definite  expectation  of 
ever  reaching  a  practical  solution  of  this  proT)lem. 

It  is  gratifying  to  state  that  in  many  a  branch  of  engineering,  ex- 
perimental researches  have  been  recently  made,  and  are  being  con- 
<lucted,  and  that  data  of  great  value  are  being  accumulated.  The  Mas- 
sachusetts State  Board  of  Health  is  continuing  its  remarkable  series  of 
experiments,  which  have  already  contributed  so  much  to  the  develop- 
ment of  Sanitary  Science  ;  tests  of  materials  of  all  kinds  have  been 
extended  and  systematized,  and  much  is  expected  from  the  experi- 
ments conducted  by  the  American  Section  of  the  International  Asso- 
ciation for  testing  materials.  Mechanical  tests  of  American  timber 
have  been  made,  and  are  being  continued  by  the  Forestry  Division  of 
the  United  States  Department  of  Agriculture,  which  have  already  con- 
tributed to  the  subject  of  timber  physics  many  new  facts  and  experi- 
mental knowledge  of  great  value. 

Tests  have  also  been  recently  conducted  which  throw  much  addi- 
tional light  on  the  composition  and  resistance  of  fire- proof  floors  and 
of  the  bearing  power  of  those  in  which  concrete  and  steel  are  united. 
In  hydraulic  engineering,  we  may  mention  the  extensive  gauging  of 
streams  conducted  under  the  direction  of  the  United  States  Geological 
■Survey;  the  continued  jjainstakiug  experiments  of  M.  Bazin  on  the 
flow  of  water  in  open  channels;  experiments  made  to  ascertain  the  loss 
of  water  from  reservoirs  by  seepage  and  evaporation  ;  extensive  tests 
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on  the  liercolatiug  capacity  of  cei-tain  sauds  and  gravels,  made  by 
the  Engineering  Department  of  the  Metropolitan  Water  Board  of 
Massachusetts;  and  a  number  of  interesting  gaugings  to  determine 
the  flowing  cajjacity  of  long  pipes  for  the  conveyance  of  water,  one 
important  instance  of  which  is  to  be  presented  to  you  at  this  meeting. 

When  summing  up  the  conclusions  of  such  experiments,  the 
results  obtained  are  frequently  represented  by  algebraic  formula? 
Avhich  are  apt  to  be  interpreted  as  being  of  a  general  character,  while 
they  give  the  facts  between  certain  limits  which  are  not  always  suffi- 
ciently defined  in  the  accounts  given  of  the  experimental  work.  For- 
mulae, correct  between  certain  limits,  may  be  grossly  erroneous  when 
applied  outside  of  them.  To  avoid  this  objection,  sometimes  a 
serious  one,  the  custom  should  be  encoiiraged  of  publishing,  at  the 
same  time  as  the  deduced  formulae,  diagrams  of  the  results  obtained, 
and  at  the  same  time  the  limits  beyond  which  the  given  experiments 
do  not  apply. 

We  may  well  ask  ourselves  whether  our  profession  is  recognized 
by  the  general  public  as  it  should  be.  The  mission  we  have  to  fultill 
is  in  no  way  inferior  to  that  of  the  other  jji-ofessions.  On  the  engineer 
depends  often  the  integrity  of  the  capital  invested  by  those  who  repose 
their  confidence  in  him,  and  on  the  soundness  of  his  designs  frequently 
depends  human  life,  and  yet,  when  the  learned  professions  are 
enumerated,  the  engineer  is  often  passed  by.  This  is  probably  due  to 
the  comi^arative  youth  of  our  i^rofessiou  in  this  country.  A  genera- 
tion ago  the  scope  of  its  usefulness  was  very  much  more  limited,  but 
the  field  is  being  extended  at  such  an  increasing  rate,  and  the  money 
invested  in  engineering  enterprises  of  all  kinds  is  correspondingly  so 
much  greater,  that  our  profession  is  steadily  gaining  in  importance 
and  standing.  It  is  obvious  that  we  can  all  contribiite  to  that  result 
by  our  individual  professional  efforts  in  our  respective  fields. 

As  our  work  extends,  we  cannot  but  feel  the  need  of  increased 
knowledge.  In  that  respect  we  have  much  better  facilities  than  our 
predecessors,  as,  through  professional  papers  published  by  Engi- 
neering Societies,  and  through  the  engineering  press,  we  can  keep 
abreast  of  the  times,  and  the  educational  facilities  are  much  greater. 
The  yearly  addition,  to  the  profession,  of  students  who  are  graduated 
from  engineering  schools,  favors  the  dissemination  of  technical  knowl- 
edge in  many  directions,  as,  owing  to  their  large  niimber  they  may 
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not  all  be  able  to  prociire  i)urel_v  engineering  positions,  but  must  find 
new  openings  in  the  industrial  world  and  in  other  channels,  thereby 
carrying  ])rofessional  knowledge  Avhere  it  will  be  foiind  of  great  value. 

While  we  review  the  tield  covered  by  our  profession,  it  is  gratify- 
ing to  notice  that  the  names  of  members  of  this  Society  constantly 
occur  to  us  as  having  had  an  important  part  in  the  advancement  of  all 
branches  of  engineering  and  in  the  erection  of  the  most  important 
Avorks  execiited  in  America.  Moreover,  through  our  foreign  members 
and  a  few  of  our  American  brethren,  our  Society  is  by  no  means  a 
stranger  to  the  engineering  practice  of  the  rest  of  the  world. 

This  is  as  it  should  be,  and  as  it  was  foi-eseen  by  the  founders  of  the 
American  Society  of  Civil  Engineers;  and,  owing  to  its  increasing  im- 
portance, membership  in  its  body  "svill  logically  become  more  desirable. 

The  number  of  members  of  all  classes  is  now  2  119,  not  including 
over  forty  applicants  now  before  the  Board  of  Direction.  This  is  a 
large  gain  since  the  beginning  of  the  present  year. 

When,  following  in  the  steps  of  our  predecessors  in  the  field,  the 
Institution  of  Civil  Engineers  and  the  Society  of  Civil  Engineers  of 
France,  we  decided  to  provide  new  headquarters  for  ourselves,  the 
time  was  very  oi^portune.  Convenient  as  our  former  building  had 
been,  it  had  become  insufficient  for  our  requirements,  and  greater  delay 
would  have  caused  great  inconvenience  and  detriment.  The  experi- 
ence of  nearly  one  year  fully  justifies  the  action  taken.  Our  new  house 
has  added  not  a  little  to  the  standing  and  dignity  of  our  body,  and  the 
advantage  gained  amply  comi^ensates  the  increased  outlay  necessary 
for  its  maintenance,  a  burden  that  our  Society,  in  its  sound  financial 
condition,  can  well  sustain. 

We  have  entered  a  new  era  of  successful  life,  and,  in  conclusion, 
allow  me  to  express  the  wish  that  the  increasing  importance  of  our 
profession  may  be  the  sure  omen  of  the  continued  prosperity  of  the 
American  Society  of  Civil  Engineers. 
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MEMOIRS  OF  DECEASED  MEMBERS. 


JAMES  CHATHAM  DUANE,  Hon.  M.  Am.  Soc.  C.  E. 


Died  November  8th,  1897. 


James  Chathiam  Duane  was  born  at  Schenectady,  N.  Y.,  Jnue  30tL, 
1824.  He  came  of  old  Revolutionary  stock;  liis  great  grandfather, 
Judge  James  Duane,  having  been  prominent  in  the  affairs  of  the  col- 
onies during  the  struggle  for  independence  from  the  mother  country. 

James  Duane  and  John  Jay  were  delegates  from  New  York  to  the 
First  Continental  Congress,  but  neither  of  them  haj^pened  to  be  in  at- 
tendance when  the  Declaration  of  Indei^endence  was  signed.  James 
Diiane  was,  however,  a  prominent  member  of  the  committee  that 
drafted  the  Constitution  of  the  United  States. 

On  the  evacuation  of  New  Y'^ork  City  by  the  British  troops  he  was 
appointed  its  first  Mayor.  Duane  Street,  then  the  northern  limit  of 
the  city,  was  named  after  him.  He  was  subsequently  appointed  to  a 
judgeship  by  President  Washington,  who  had  long  been  his  warm 
personal  friend. 

The  subject  of  the  present  obituary  notice,  James  C.  Duane,  entered 
Union  College  in  1840,  and  was  graduated  in  1844  with  the  degree  of 
A.  B.  He  entered  the  Military  Academy  at  West  Point  in  1844,  wa>s 
graduated  from  that  institution  July  Ist,  1848,  third  in  his  class,  and 
was  at  once  assigned  as  an  officer  of  the  Corps  of  Engineers,  United 
States  Army.  In  1850  he  married  Harriet  W. ,  eldest  daughter  of  Cap- 
tain, afterward  General,  Henry  Brewerton,  of  the  Corps  of  Engineers. 
United  States  Army,  who  was  at  that  time  Superintendent  of  the  Mili- 
tary Academy. 

He  passed  through  all  the  grades  in  the  Corps  of  Engineers,  from 
the  lowest  to  the  highest,  having  reached  the  office  of  Chief  of  Engin- 
eers and  the  grade  of  Brigadier-General,  United  States  Army,  October 
14th,  1886.  He  was  retired  at  the  age  of  sixty-four  by  operation  of 
law,  June  30th,  1888. 

His  service  of  forty  years  in  the  army,  both  in  peace  and  in  war, 
was  always  meritorious  and  faithful  and  often  distinguished.  He  re- 
ceived the  brevets  of  Lieutenant-Colonel  and  Colonel  for 

"Meritorious  and  faithful  services  in  the  campaign  from  the 
Rapidan  to  the  James  River,  and  particularly  for  distinguished  pro- 
fessional services  before  Petersburg,  Va.,"  and  the  brevet  of  Brig- 
adier-General ' '  For  gallant  and  meritorious  services  during  the  siege 

*  Memoir  prepared  by  the  following  committee  appointed  by  the  Board  of  Direction: 
Wm.  P.  Craignill,  A.  Fteley  and  James  Duane,  Members,  Am.  boc.  C.  E. 
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of  Petersburg,  and  the  campaign  terminating  with  the  surrender  of 
the  army  under  General  Robert  E.  Lee." 

A  detailed  statement  of  General  Duane's  services  is  given  in  the 
order  from  the  headquarters  of  the  Corps  of  Engineers  soon  after  his 
death,  which  occurred  in  New  York,  November  8th,  1897.  In  conclud- 
ing this  order  the  Chief  of  Engineers  remarks  as  follows: 

"  General  Duane's  hmg  jjeriod  of  public  service  was  characterized 
by  a  faithful  devotion  to  every  duty  committed  to  his  charge,  coujiled 
with  professional  attainments  of  the  very  highest  order.  A  most  dis- 
tinguished officer  of  the  Corps  of  Engineers,  his  conspicuous  services 
will  be  best  appreciated  by  its  members,  who  feel  justly  proud  of  his 
honorable  x-ecord." 

A  distinguished  comrade  in  the  Corps  of  Engineers,  who  knew  of 
what  he  wrote,  remarks  as  follows: 

"  After  leaving  Fort  Pickens  in  18G1,  Duane  Avas  in  Washington  in 
the  fall  and  winter  of  1861,  engaged  in  dialling  and  organizing  the 
Engineer  Battalion  and  in  constructing  bridge  equipage  for  the  army. 
In  1862.  in  command  of  the  Engineer  Battalion,  he  went  through  the 
Peninsula  campaign.  At  the  siege  of  Yorktown  his  work  was  conspic- 
uous. Untiring  in  energy,  after  being  out  on  the  works  nearly  all 
night,  he  would  drop  on  the  ground,  covered  by  his  tent,  to  catch  a 
little  slee23,  often  too  fatigued  to  change  clothing  soaked  by  the  rain. 
Regardless  of  himself,  I  often  wondered  how  any  constitution  could 
endure  what  he  underwent.  When  the  Army  of  the  Potomac  left  the 
Peninsula,  he  built  the  bridge  across  the  Chicahominy.  It  was  one  of 
the  largest  pontoon  bridges  that  had  ever  been  built  (about  2  000  ft. 
long),  was  ready  on  time,  and  carried  the  army  without  mishap.  In 
the  Antietam  campaign  he  was  Chief  Engineer  of  the  Army  of  the 
Potomac  and  remained  such  while  McClellan  was  in  command.  Here, 
too,  he  was  indefatigable. 

"  I  did  not  serve  in  the  same  field  with  him  again  until  I  returned 
to  the  Army  of  the  Potomac  in  the  spring  of  1864,  finding  him  again 
its  Chief  Engineer.  As  in  the  Peninsula  and  Antietam  camj^aigns, 
here,  again,  he  was  untii-ing  in  his  professional  woi'k,  the  lines  of  works 
about  Petersburg,  which  shut  in  Lee's  army  being,  perhaps,  its  most 
conspictious  examj^le. 

"  Under  trials  that  would  have  broken  down  one  less  faithful,  he 
met  Meade's  nervous  impatience  with  his  OAvn  enduring  sense  of  duty. 
He  had  the  greatest  modesty  and  that  thorough  common  sense  at  all 
times  and  iinder  all  circumstances,  which  is  one  of  the  most  valuable 
intellectual  gifts  a  man  can  have.  Thoroughly  true,  honest  and  un- 
selfish, there  are  few  men  whose  loss  will  be  more  deeply  felt  bv 
those  who  knew  him  intimately. "' 

After  the  war,  before  General  Duane  became  Chief  of  his  Corj^s,  he 
had  a  long  service  as  member  and  later  as  President  of  the  Board  of 
Engineers  in  New  Y''ork  City.  His  influence  was  strongly  felt  in  that 
important  Board,  and  his  ideas  and  suggestions  were  extensively  uti- 
lized in  the  type  structures  for  the  defense  of  our  harbors,  such  as 
batteries  for  the  heaviest  modern  guns  and  mortars,  including  the 
gun-lift  and  turret. 

Besides  his  purely  military  work.  General  Duane  performed  most 
valuable  service  as  Engineer  of  the  First,  Second  and  Third  Light- 
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liovase  Districts,  and  as  member  of  the  Lighthouse  Board  in  Washing- 
ton. An  idea  of  his  varied  and  extensive  operations  in  this  professional 
line  may  be  had  from  the  following  summary  furnished  by  officers  of 
the  Lighthouse  Department. 

"  Under  the  direction  of  General  Duane,  as  Engineer  of  the  First, 
Second  and  Third  Lighthouse  Districts,  the  following  structures  have 
been  designed  and  built: 

"Twenty-six  cast-iron  lighthouses  and  towers,  some  of  them  on 
cast-iron  foundation  piers  filled  with  concrete.  This  kind  of  struc- 
ture  was  introduced  by  him. 

"Fifteen  stone  and  brick  lighthouses  and  towers,  among  which 
Fire  Island  Tower  is  the  most  important. 

"  Sixteen  fog-signal  stations. 

"  Thirty-seven  keepers'  dwellings. 

' '  The  most  conspicuoias  features  of  General  Duane's  long  service 
under  the  Lighthouse  Establishment  were  : 

"  Investigation  of  the  general  subject  of  sound  and  fog-signal  ap- 
paratus. See  his  report  of  January  12th,  1872,  to  the  Lighthouse 
Board,  for  details. 

"The  practical  adaptation  of  steam  whistles  for  fog-signal  pur- 
poses. General  Duane's  designs  for  the  steam-whistle  apparatus 
were  the  first  to  be  extensively  iised  in  the  service.  At  many  stations 
the  original  apparatus  designed  by  him  is  still  in  use,  though  im- 
Ijrovements  in  many  details  have  since  been  made.  Steam  whistles 
are  now  used  as  fog  signals  at  ninety-four  stations  in  the  United 
States  service. 

"  The  use  of  cast-iron  concrete-filled  foundations,  and  of  cast-iron 
towers,  for  light  stations.  This  form  of  structure  has  proved  econo- 
mical in  first  cost,  extremely  durable  and  cheap  to  maintain  in  repair, 
and  it  is  particularly  well  adapted  to  lighthouses  erected  in  the  water 
in  northern  latitudes  where  the  structure  is  exposed  to  the  action  of 
ice.  About  forty-six  lighthouses  of  this  general  design  have  been 
erected  in  various  parts  of  the  United  States." 

In  1870-71,  while  Engineer  of  the  First  Lighthouse  District,  Gen- 
eral Duane  made  an  elaborate  series  of  experiments  on  the  transmis- 
sion of  sound,  in  its  application  to  fog  signaling.  The  subject  w-as 
then  in  its  infancy,  and  the  theories  advanced  by  the  General  to  ac- 
count for  certain  observed  anomalies  received  marked  attention  from 
scientists  both  at  home  and  abroad.  His  explanations  of  some  per- 
plexing phenomena,  at  that  time  little  understood  and  even  not  gen- 
erally known,  have  since  been  accepted  as  scientifically  correct. 

Professor  John  Tyndall,  in  his  lectures  on  sound,  says  :  " 

' '  Passing  over  the  record  of  many  other  valuable  observations  in 
the  report  of  General  Duane,  I  come  to  a  few  very  important  remarks 
which  have  a  direct  bearing  on  the  present  question. 

"From  an  attentive  observation,"  writes  the  General,  "  during  three 
years,  of  the  fog  signals  on  this  coast,  and  from  the  rejjort  received 
from  the  captains  and  pilots  of  coasting  vessels,  I  am  convinced  that 
in  some  conditions  of  the  atmosphere  the  most  powerful  signals  will 
be  at  times  unreliable."! 

*  "  Tyndall  on  Sound,"  3d  Ed.,  D.  Appleton  &  Co.,  1887:  also  see  report  of  the  Light- 
house Board  for  1874. 

t  "  Had  I  been  aware  of  its  existence  I  might  have  used  the  language  of  General  Duane 
to  express  my  views  on  the  point  here  adverted  to."    See  Chap.  \  H,  pp.  .S19-830. 
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••  Now  it  frequently  occurs  that  a  signal  which  iiuder  ordinary  cir- 
cumstances would  be  audible  at  the  distance  of  fifteen  miles  cannot 
be  heard  from  a  vessel  at  the  distance  of  one  mile.  This  is  probably 
due  to  the  reflection  mentioned  by  Humboldt. 

"The  temperature  of  the  air  over  the  laud  where  the  fog  signal  is 
located  being  very  different  from  that  over  the  sea,  the  sound,  in  pass- 
ing from  the  former  to  the  latter,  undergoes  reflection  at  the  surface  of 
contact.  The  correctness  of  this  view  is  rendered  more  probable  by 
the  fact  that  when  the  sound  is  thus  impeded  in  the  direction  of  the 
sea  it  has  been  observed  to  be  much  stronger  inland. 

"Experience  and  observation  lead  to  the  conclusion  that  these 
anomalies  in  the  penetration  and  direction  of  sound  from  fog  signals 
are  to  be  attributed  mainly  to  the  want  of  uniformity  in  the  surround- 
ing atmosphere,  and  that  suoav,  rain  and  fog,  and  the  direction  of  the 
wind  have  less  influence  than  has  generally  been  supposed." 

"The  report  of  General  Uuane  is  marked  throughout  by  fidelity  to 
the  facts,  rare  sagacity  and  soberness  of  speculation.  The  last  three 
of  the  paragraphs  quoted  exhibit,  in  my  opinion,  the  only  approach  to 
a  true  explanation  of  the  ijhenomena  which  the  Washington  report  re- 
veals." 

While  thus  proving  himself  an  able  theorist,  the  General  has  con- 
clusively exhibited  his  ability  as  a  practical  mechanical  engineer  by 
designing  the  type  of  fog-signaling  appai'atus  employed  in  making 
the  above  experiments,  and  which  is  still  in  general  use.  When  he 
first  took  charge  of  the  lighthoiise  work  on  the  New  England  coast,  he 
was  confronted  with  a  difficult  ijroblem. 

Many  of  the  light  stations  built  early  in  the  century  were  falling 
into  decay,  and  the  funds  available  for  their  renewal  were  very  inade- 
quate. In  this  emergency  he  designed  a  type  of  tower  composed  of 
cast-iron  segments  bolted  together,  which,  as  a  model  of  stability  and 
economy,  has  been  largely  used  in  the  service. 

He  also  invented  a  mixer  for  concrete  which  is  still  extensively 
used  by  contractors  and  engineers  on  many  important  works. 

General  Duane  was  the  author  of  a  manual  for  Engineer  Trooj^s, 
and  he,  with  General  Abbot  and  Colonel  Merrill,  of  the  Corps  of  En- 
gineers, prepared  an  important  work  in  1870  entitled,  "Organization 
of  the  Bridge  Equipage  for  the  U.  S.  Army." 

The  following  was  written  by  an  officer  of  the  Corps  of  Engineers 
who  had  been  closely  associated  with  General  Duane : 

"During  the  later  years  of  his  life  his  eyesight  failed  and  he  was 
averse  to  writing,  but  his  mind  was  a  storehouse  of  useful  knowledge 
which  he  was  always  willing  to  imjiart. 

"  His  ability  and  good  judgment  were  so  well  known  that  he  was 
frequently  consulted  on  important  matters  by  members  of  the  Corps 
of  Engineers,  and  his  opinions  always  carried  great  weight. 

"  He  was  the  most  lovable  of  men  and  the  stanchest  of  friends. 
Honest  of  purpose,  he  had  the  faculty  of  knowing  what  was  right  and 
no  sophistry  could  swerve  him. 

"  His  integrity  was  beyond  question  and  no  one  who  had  business 
relations  with  him  could  fail  to  admire  and  respect  him. " 

Another  officer  writes  as  follows: 
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"  He  was  quiet,  undemonstrative,  able  and  wise,  conscientious  and 
perfectly  fearless  in  the  discharge  of  duty.  He  would  always  do  what 
he  thought  right,  regardless  of  personal  consequences." 

In  1888  General  Duane  was  appointed  a  member  of  the  Aqueduct 
Commission  of  New  York.  The  work,  outside  of  its  engineering  feat- 
ures, the  magnitude  of  which  is  well  known,  presented  at  that  time 
especial  difficulties  requiring  the  highest  order  of  abilities  on  the  i^art 
of  the  commissioners,  and  General  Duane's  ripe  experience  and  relia- 
bility in  council  were  fully  equal  to  the  situation;  the  value  of  his 
service  is  expressed  in  the  following  extract  from  the  resolution  passed 
by  the  Aqueduct  Commissioners: 

"  General  Duane  brought  to  this  Commission  a  mind  and  disposi- 
tion exceptionally  fttted  for  the  important  duties  which  he  was  called 
upon  to  perform.  His  designation  as  a  member  of  this  body,  in  Au- 
gust, 1888,  and  his  immediate  election  thereafter  as  its  presiding  officer, 
were  accepted  by  the  jjublic  as  guarantees  of  the  spirit  with  which  the 
great  work  proposed  should  be  carried  out.  He  more  than  justified  the 
wisdom  of  his  selection  and  the  c6nfidence  of  the  jjeople.  From  the 
day  of  his  aj^pointment  until  the  day  of  his  death,  the  work  of  the 
Aqueduct  Commission  had  his  entire  and  devoted  attention;  and  to  his 
distinguished  jjrofessional  skill,  untiring  watchfulness  and  unfailing- 
tact  is  due  in  great  measure  the  success  with  which  the  work  of  this 
Board  has  been  so  successfully  prosecuted." 

The  preceding  record  proves  beyond  question  the  great  merit  and 
unusual  ability  of  this  distinguished  soldier  and  engineer.  His  noble, 
lovely  qualities  as  a  man  endeared  him  also  in  an  unusual  degree  to 
his  family  and  friends,  and  to  them  his  loss  is  irreparable. 

General  Duane  was  elected  an  Honorary  Member  of  the  American 
Society  of  Civil  Engineers  on  November  20th,  1886. 


THOMAS  DOANE,  M.  Am.  Soc.  C.  E.* 


Died  Octobek  22d,  1897. 


The  name  of  Doane  is  exceedingly  old;  it  existed  as  far  bai-k  as  the 
year  1000.  Doanes  went  over  to  England  from  Normandy  with  William 
the  Conqueror;  Doanes  wei-e  prominent  in  English  Church  History, 
and  there  were  families  of  that  name  in  and  about  Chester,  England. 

The  first  of  the  name  known  in  America  was  Deacon  John  Doane. 
This  progenitor  of  all  the  Doanes  in  Ihe  United  States  and  British 
America  came  from  Wales  in  the  ship  Fortune,  next  and  shortly  after 
the  Mayflower,  in  1621,  to  Plymouth,  Mass.  He  lived  there  until  1644, 
when,   with   Governor  Prince   and   other  associates,  he   sailed  from 

♦Memoir  prepared  by  F.  W.  D.  Holbrook,  M.  Am.  Soc.  C.  E.,  who  was,  at  intervals, 
for  a  number  of  years  Mr.  Doane's  Chief  Assistant,  from  information  mainly  furnished 
by  public  prints,  and  from  personal  knowledge. 
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Plyinoutli  across  tbe  bay  ami  founded  tlie  Town    of    Eastbaui.     He 
died  in  1686,  at  the  age  of  96  years. 

Thomas  Doane,  the  subject  of  this  memoir  and  a  direct  descend- 
ant of  Deacon  John  Doane,  was  born  in  Orleans,  on  C'ape  Cod,  Mass. , 
September  20th,  1S21.  His  parents  were  John  Doane,  a  native  of 
Orleans,  and  Polly  (Eldridge)  Doane,  a  native  of  Yarmouthi)ort.  His 
father  was  a  well-known  lawyer,  serving-  as  a  State  Senator  and  other- 
wise prominent  in  public  life;  being  the  originator  of  "  forest  cul- 
ture "  in  this  country,  and  a  promoter  of  the  culture  of  fruit  trees  on 
the  Cai)e. 

Thomas  Doane  was  the  eldest  of  eight  children,  and  his  early  edu- 
cation was  received  at  an  academy  established  by  his  father  and  other 
well-known  citizens  of  the  Cape  District  who  had  children  to  educate. 
Leaving  this  school  at  the  age  of  nineteen,  he  then  attended  the 
English  Academy  at  Andover,  Mass.,  for  five  terms,  after  which  he 
entered  the  office  of  Samuel  M.  Felton,  one  of  the  noted  civil  engi- 
neers of  his  time,  and  a  leading  citizen  of  Charlestown  (now  Boston), 
Mass.  As  was  the  custom  for  engineering  students  in  those  days,  Mr. 
Doane  remained  for  three  years  with  Mr.  Felton,  and  then  entered  into 
active  professional  employment.  He  was  engaged  first  as  engineer  of 
the  Windsor  White  River  Division  of  the  Vermont  Central  Railroad, 
and  from  1847  to  1849,  as  Resident  Engineer  of  the  Cheshire  Railroad 
at  Walpole,  N.  H. 

In  December,  1849,  he  returned  to  Charlestown,  Mass.,  and  o^jened 
an  office,  where  he  carried  on  a  general  civil  engineering  and  surveying 
practice,  either  personally  or  (when  necessarily  absent  in  the  conduct 
of  large  enteriirises)  through  capable  assistants,  until  the  time  of  his 
death. 

At  one  time  or  another  Mr.  Doane  was  connected  with  all  the  rail- 
roads running  out  of  Boston,  and  particularly  with  the  Boston  and 
Maine.  In  1863,  the  State  of  Massachusetts  having  assumed  charge 
of  the  completion  of  the  Hoosac  Tunnel,  on  which  some  little  vt^ork 
had  already  been  done  by  contractors,  Mr.  Doane  was  appointed  Chief 
Engineer  under  a  Board  of  State  Commissioners,  of  which  Mr.  John 
W.  Brooks  was  chairman.  The  work  to  be  done  involved  a  total 
change  in  the  methods  followed  up  to  that  time,  and  the  introduction 
of  modern  ideas  and  appliances.  As  Chief  Engineer,  Mr.  Doane  relo- 
cated the  tunnel  line  and  established  its  grades;  connected  the  two  ends 
by  precise  measurements  and  levels  over  the  mountain,  thus  ensuring 
great  accuracy  in  the  final  meeting  of  the  borings;  built  the  dam  across 
the  Deerfield  River  to  furnish  water-power  for  ti;rbines  to  operate  air 
compressors,  and  a  machine  shop;  and  instituted  careful  experiments  on 
drill  steels  and  many  kinds  of  fuses  and  explosives.  The  successful  use 
of  nitro-glycerine,  drilling  by  machine  drills  operated  V)y  compressed 
air,    and    "simultaneous   blasting"   bv   electricity  were   here    estab- 
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lislied  for  the  first  time  in  this  country.  In  his  book  on  tunneling,  Mr. 
Henry  S.  Drinker  pays  a  high  tribute  to  Mr.  Doane,  and  says  that  to  his 

"  Persistent  energy,  far-seeing  sagacity,  and  his  able  management, 
we,  in  a  large  measure,  and,  in  fact,  chiefly,  owe  the  development  and 
introduction  into  this  country  of  the  present  advanced  system  of  tun- 
neling with  machinery  and  high  explosives.  It  was  under  his  direction 
as  Engineer  of  the  Commission  that  the  State  Experiments  were  made, 
and  the  long  and  disheartening  fight  carried  through  which  terminated 
in  favor  of  the  neAV  system.  The  system  which  has  since  given  us  the 
Burleigh,  Ingersoll  and  Wood  drills,  and  which  also  first  showed 
Americans,  practically,  what  the  potent  agency  of  nitro-glycerine,  first 
applied  by  Nobel  in  Euroi^e,  actually  was.'" 

Mr.  Doane  gave  much  time  and  thought  to  the  perfection  of  com- 
pressed air  machinery.  The  machine  drills  devised  and  used  at  the 
tunnel  owed  much  of  their  efficiency  to  him;  and  the  carriages  on 
which  they  were  operated  were  of  his  invention.  He  has  been  desig- 
nated the  "Pioneer  "  of  compressed  air  in  this  country.  As  early  as 
1873  he  proposed  a  compressed  air  power  plant  to  do  away  with  the 
endless  number  of  boilers  and  fires  that  are  used  in  closely  built  cities, 
and  he  printed  at  that  time  an  article  which  contained  ideas  agreeing 
with  many  being  brought  out  and  advocated  at  the  present  time.  In 
this  matter  he  was  many  years  in  advance  of  the  day. 

In  1869,  Mr.  Doane  went  West,  as  Chief  Engineer  of  the  Burlington 
and  Missouri  River  Railroad  in  Nebraska,  an  extension  of  the  Chicago, 
Burlington  and  Quiney  System,  and  in  about  four  years  completed 
241  miles  of  railroad,  besides  establishing  a  steam  ferry-boat  service 
across  the  Missouri  River  at  Plattsmouth,  and  constructing  and 
maintaining  a  telegrajjh  line  the  full  length  of  the  road. 

The  names  of  the  towns  between  Plattsmouth  and  Kearney  were 
due  to  him;  hence  the  recurrence  of  many  Massachusetts  names,  such 
as  Dorchester,  Harvard,  Lowell,  etc. 

Mr.  Doane  made  a  special  study  of  grades  for  this  railroad  line,  and 
the  road  was  built  with  a  view  to  great  economy  in  operation.  Time 
has  proven  the  soundness  of  his  judgment  in  the  advocacy  and  con- 
struction of  the  system  of  low  grades  he  there  established.  This  road, 
for  a  prairie  country,  was  exceptionally  well  constructed  in  all  re- 
spects. The  leading  streams  were  crossed  by  Howe  truss  bridges  on 
masonry  abutments;  screw-ijile  piers  were  used  at  the  two  crossings 
of  Salt  River  ;  the  track  was  laid  on  oak  ties,  and  the  whole  road 
thoroughly  drained  from  end  to  end. 

Mr.  Doane  returned  to  Charlestown,  Mass.,  in  1873,  and  shortly 
after  was  reappointed  Consulting  Engineer  of  the  Hoosac  Tunnel  and 
given  charge,  not  only  of  the  tunnel,  which  for  much  of  its  length 
required  a  brick  lining,  but  also  of  the  reconstruction  of  the  Troy  and 
Greenfield  Railway.  This  reconstruction  involved  several  changes  in 
location  and  a  large  amount  of  heavy  work  in  the  way  of  rock  and 
^arth  excavation,   masonry  retaining  Avails,  bridge  abutments,  piers 
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autl  drainage  culverts.  Much  of  the  work  Avas  of  a  kind  seklom  en- 
countered; the  road  along  the  hank  of  the  Deerfield  River  being  ex- 
jjosed  to  heavy  wash  and  mountain  slides  on  the  one  side,  and  on  the 
other  to  damage  from  the  river  which  was  subject  to  heavy  freshets, 
ice  gorges,  etc.  One  noticeable  structure  on  this  line  was  the  bridge 
at  Bardwell's  Ferry,  consisting  of  several  spans  of  iron  truss  bridging 
on  masonry  supijorts.  The  piers  of  this  bridge  differed  in  form  from 
those  usually  adopted,  being  of  elliptical  shape.  A  description  of  the 
bridge  may  be  found  in  the  Railroad  Gazdio  of  that  time. 

On  February  9th,  1875,  at  the  opening  of  the  tunnel,  Mr.  Doane  ran 
the  first  locomotive  through  it,  and  he  remained  in  charge  of  construc- 
tion until  1877. 

Two  years  later,  in  1879,  he  was  appointed  Consulting  and  Act- 
ing Chief  Engineer  of  the  Northern  Pacific  Railroad  for  one  year. 
During  this  time  he  located  the  Pend  d'Oreille  Division,  across  the 
Columbia  Plains,  in  the  Territory  of  Washington,  and  part  of  the 
Missouri  Division  in  Dakota.  He  constructed  and  operated  a  bridge 
on  the  ice  of  the  Missouri  River  between  Bismarck  and  Mandan,  in 
order  to  save  delay  in  the  transportation  of  railway  sui^plies  and  ma- 
terial. He  also  made  a  thorough  reorganization  of  the  engineering- 
force  of  the  road.  Since  then,  for  the  j^ast  few  years,  Mr.  Doane 
devoted  himself  mainly  to  office  practice  as  a  consulting  engineer,  for 
which  he  was  much  in  request. 

While  in  Nebraska,  Mr.  Doane  took  a  leading  part  in  the  agitation 
of  the  question  of  establishing  a  college  there,  and  secured  for  its  site 
a  square  mile  of  ground  beautifully  located  on  the  "Big  Blue,"  at 
Crete,  20  miles  west  of  Lincoln.  He  also  made  a  large  financial  con- 
tribution toward  securing  other  property,  and  in  recognition  of  his 
services  as  its  founder,  the  institution  was  named  "Doane  College." 
For  many  years  he  has  been  one  of  its  trustees.  The  bulk  of  his  estate 
is,  by  his  will,  to  go  to  the  College  ultimately  as  an  endowment.  Mr. 
Doane  was  also  one  of  the  founders  of  the  first  bank  established  in 
Crete. 

During  the  many  years  that  Mr.  Doane  followed  his  profession,  he 
received  into  his  office  many  young  men  as  students,  following  an  old 
custom  which  has  to  a  great  extent  been  superseded  in  this  day  of 
technical  schools.  Among  these  may  be  mentioned  J.  Herbert  Shedd. 
Samuel  L.  Minot,  John  L.  Emerson,  John  A.  Cole,  J.  H.  Danforth, 
Gorham  P.  Low,  James  Francis,  G.  M.  Thompson  and  C.  A.  Pearson. 
To  these  names  may  be  added  that  of  the  writer  of  this  memoir. 

Some  of  the  engineers  who  have  at  times  served  imder  Mr.  Doane 
with  ability,  though  not  students  in  his  office,  are  :  D.  H.  Ainsworth. 
author  of  ' '  Recollections  of  a  Civil  Engineer  ;  "  R.  B.  C.  Bement,  I. 
S.  P.  Weeks,  J.  W.  Kendrick,  W.  C.  Wetherill,  F.  H.  Clement,  W.  L. 
Darling  and  Jules  Breuchaud.     Nearly  all  of  those  mentioned  above 
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are  to-day  Members  of  the  American  Society  of  Civil  Engineers,  ami 
are  actively  engaged  in  professional  work. 

Mr.  Doane  was  for  over  twenty  years  a  member  of  the  Boston 
Society  of  Civil  Engineers,  and  for  nine  years  its  President.  He  was  a 
Justice  of  the  Peace  for  over  thirty  years.  He  was  for  forty -five  years 
a  member  of  Winthrop  Church  in  Charlestown,  and  for  fourteen  years 
one  of  its  deacons.  He  was  a  Director  of  the  Associated  Charities  of 
Boston,  and  President  of  the  Charlestown  Branch  of  the  organization. 
He  was  Vice-President  of  the  Hunt  Asylum  for  Destitute  Children; 
was  a  member  of  the  New  England  Historic  Genealogical  Society ;  of 
the  Congregational  Chib;  the  Bunker  Hill  Boys'  Club  and  the  Amer- 
ican College  and  Educational  Society.  He  was  the  first  President  of 
the  Charlestown  Branch  of  the  Young  Men's  Christian  Association, 
and  contributed  liberally  to  its  support. 

Mr.  Doane  was  married  November  5th,  1850,  to  Miss  Sophia  D. 
Clarke,  who  died  December  1st,  1868.  From  this  union  there  were  five 
children . 

Later  in  life  Mr.  Doane  married  again.  His  second  wife  survives 
him,  as  do  also  four  children  of  his  first  marriage,  viz. :  Mrs.  David  B. 
Perry,  wife  of  the  President  of  Doane  College;  Mrs.  W.  O.  Weeden, 
wife  of  a  Congregational  minister;  Mrs.  H.  B.  Twombly  and  the  Rev. 
John  Doane,  of  Plymouth  Church,  Lincoln,  Neb.  Mr.  Doane  also 
leaves  a  brother.  Captain  Charles  Doane. 

Mr.  Doane  was  a  man  of  high  princiiiles  and  unswerving  integrity, 
kind  and  considerate  to  all  associated  with  him,  generous  with  his 
purse  to  all  worthy  objects,  and  he  lived  an  earnest  and  Christian  life. 

As  an  engineer,  his  sound  judgment,  thoroughness,  industry, 
energy,  practical  attainments  and  love  of  accuracy  secured  suc- 
cess in  all  enterprises  committed  to  his  charge.  His  loss  will  be 
deeply  regretted  in  many  directions. 

Mr.  Doane  was  elected  a  Member  of  the  American  Society  of  Civil 
Engineers,  June  7th,  1882.  He  died  away  from  home,  of  heart  failure, 
at  West  Townseud,  Vt.,  where  he  had  gone  with  Mrs.  Doane  to  visit 
relatives. 

JOHN  HOUSTON,  M.  Am.  Soc.  C.  E.* 


Died  August  30th,  1896. 


John  Houston  was  born  at  Edinburgh,  Scotland,  June  24th,  1828. 

His  father  was  David  Houston,  a  lawyer  of  that  city.     He  studied  in 

London,  and  attracted  the  attention  of  some  prominent  engineers,  in  a 

public  office,  by  the  accuracy  of  the  work  entrusted  to  him.     After 

*  Memoir  prepared  by  John  Bogart,  M.  Am.  Soc.  C.  E. 
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completing  his  studies,  and  after  the  death  of  his  mother,  to  whom  he 
was  greatly  attached,  he  determined  to  go  to  the  United  States.  He 
had  no  acquaintances  in  that  country,  and  he  took  no  letters  of  intro- 
duction ;  but  he  brought  with  him  his  sturdy  Scotch  character  and  a 
determination  to  become  a  successful  engineer.  His  long  professional 
career  and  the  direction  and  execution  of  many  important  enterprises 
prove  that  he  was  right  in  the  selection  of  his  life  work. 

In  1853  he  made  surveys  for  a  proposed  ship-canal  around  Niagara, 
and  in  1854  was  engaged  in  the  construction  of  the  water-works  at 
Bridgeport,  Conn.,  and  also  upon  the  Brooklyn  Water-Works  with 
the  late  John  P.  Kirkwood,  Past-President,  Am.  Soc.  C.  E.  During 
1855  and  1858,  he  was  in  the  West,  where  he  located  and  built  the 
Iowa  portion  of  the  Chicago  and  North  Western  Railroad  and  much 
other  railroad  work.  In  1858  he  returned  to  the  Brooklyn  Water- 
Works,  and  Avas  also  engaged  upon  the  Staten  Island  Railroad.  In 
1859  he  entered  the  service  of  the  Erie  Railway,  and  was  the  Chief 
Engineer  of  that  company  for  many  years.  He  had  entire  charge  of 
the  construction  of  the  Bergen  tunnel,  the  first  of  the  great  double- 
track  tunnels  through  the  high  rock  formation  in  New  Jersey  imme- 
diately west  of  the  Hudson  River.  This  was  a  work  of  great  magni- 
tude and  was  conducted  with  energy  and  skill.  It  brought  the  Erie 
lines  to  tide-water  directly  ojiposite  the  City  of  New  York.  In  1868, 
under  the  direction  of  Mr.  Houston,  the  tunnel  was  arched  with  brick. 
This  was  done  without  interrupting  the  free  passage  of  trains  during 
the  prosecution  of  the  work.  It  is  described  by  Mr.  Houston,  in  one 
of  the  early  papers  of  the  Society,  No.  VIII,  read  by  him  October  7th, 
1868,  and  published  in  the  first  volume  of  Transactions. 

Mr.  Houston,  as  the  Chief  Engineer  of  the  Erie  Company,  had 
chai'ge  of  the  extensive  improvements  made  at  Long  Dock  on  the  New 
Jersey  side  of  the  Hudson  River,  including  also  the  Pavonia  and  the 
New  York  City  ferry  slips  and  bridges.  He  built  the  Newburgh  branch 
of  the  Erie  Railway,  located  the  Wallkill  Valley  Railway,  and  was 
in  charge  of  all  the  engineering  works  connected  with  the  operation, 
maintenance  and  extension  of  this  great  trunk  line.  He  left  the  Erie 
road  in  1870.  and,  in  1871,  went  to  Peru  as  Chief  Engineer  of  theCerro 
de  Pasco  Railway.  He  was  in  South  America  most  of  the  time  until 
1875,  haA-ing  charge  also  of  the  Mejillones  and  Caracoba  Railway  and 
of  other  works  in  Bolivia  and  Peru. 

During  this  period  he  crossed  the  Isthmus  of  Panama  eight  times. 
His  health  was  much  imj^aired  and  he  returned  to  the  United  States. 
In  1880  he  went  to  Venezuela  as  Chief  Engineer  of  the  i^rojected  rail- 
way from  La  Guayra  to  Caracas.  The  preliminary  examinations,  the 
surveys,  the  location  and  construction  of  that  remarkable  road  were 
all  under  his  immediate  personal  direction.  That  direction  was, 
under  the  circumstances,  one  of  much  detail,  because  all  of  his  assist- 
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ants  were  natives  of  the  country  and  without  exiserience  in  railroad 
engineering.  The  location  was  bold,  and  the  difficulties  to  be  sur- 
mounted were  peculiar.  He  finished  the  work  in  1883,  and  the  road 
has  been  constantly  and  successfully  operated  since  that  time.  He 
also  had  charge  of  the  location  and  construction  of  the  Puerto  Cabello 
and  Valentia  Railway  in  Venezuela,  and  also  of  similar  work  in 
Ecuador. 

He  returned  to  the  United  States  after  the  completion  of  these 
works,  but  was  always  in  delicate  health  and  not  able  thereafter  to  un- 
dertake the  active  direction  of  large  enterprises.  He  was  frequently 
called  upon  to  act  as  Consulting  Engineer,  and  was  a  member  of 
various  boards  and  commissions. 

Mr.  Houston  was  actively  and  efifectively  engaged  in  important  and 
successful  engineering  works  from  his  youth  until  a  time  when  the 
exposures  incident  to  the  climates  where  much  of  that  work  was  done 
unfitted  him  for  active  service.  He  was  always  devoted  to  his  profes- 
sion, was  a  most  earnest  and  conscientious  executive,  and  his  aid  and 
advice  were  very  highly  valued  by  the  officials  of  the  various  com- 
panies with  which  he  was  connected.  His  railway  constructions  are 
marked  achievements  in  engineering. 

Mr.  Houston  married  and  is  survived  by  Isabella  Atkinson  Dor- 
sey,  a  great  grand-daughter  of  Colonel  Thomas  Atkinson,  of  the  Army 
of  the  Revolution. 

He  was  elected  a  Member  of  the  American  Society  of  Civil  Engi- 
neers, May  6th,  1868. 


SILVANUS  MILLER,  Jr.,  M.  Am.  Soc.  C.  E. 


Died  Decembeb  17th,  1897. 


In  the  death  of  Silvanus  Miller,  Jr.,  the  American  Society  of  Civil 
Engineers  lost  an  able  member,  and  one  who  had  made  an  enviable 
reputation  in  Central  and  South  America.  In  Central  America,  es- 
pecially, he  was  probably  the  best  known  of  all  the  American  engi- 
neers who  have  helloed  in  the  building  of  railways  and  other  public 
works  in  that  country. 

Mr.  Miller  was  born  on  the  3d  day  of  March,  1851,  in  New  Haven. 
Conn.,  his  father,  Silvanus  Miller,  of  New  York  City,  being  a  railway 
contractor  at  that  time.  His  grandfather,  Silvanus  Miller,  also  of 
New  York,  was  for  twenty  years  a  Judge  of  the  Supreme  Court  in  that 
city.  

*  Memoir  prepared  by  >T.  T.  Norton,  M.  Am.  Soc.  C.  E. 
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In  1868  he  received  his  tirst  appointment  through  a  cousin,  Mr.  M. 
O.  Davidson,  at  that  time  Chief  Engineer  of  the  New  Haven  aud 
Derby  Bailroad. 

From  1871  to  1873  he  worked  for  General  Nanne  in  Costa  Rica,  iu 
charge  of  a  locating  jiarty,  making  surveys  for  the  Costa  Rica  Rail- 
road, from  Port  Limon  to  the  interior. 

In  1873  he  was  employed  by  Henry  M.  Keith  for  the  survey  of  the 
railroad  between  Leon  and  Corinto  Bay,  Nicaragua. 

In  the  spring  of  1877  he  was  api)ointed  General  Manager  of  the 
"  Lbma  Larga  "  mines  of  Salvador  by  the  President  of  that  country, 
who  was  their  owner. 

In  1882  he  was  engaged  as  chief  of  party  iu  the  survey  of  the  Santa 
Ana  and  Sonsonate  Railroad  in  Salvador. 

In  the  fall  of  1883  he  was  an  appliciiut  for  the  position  of  Chief 
Engineer  of  the  Northern  Railroad,  in  Guatemala,  the  building  of 
which  the  govei-nment  of  that  country  was  contemplating.  He  re- 
ceived the  apijointment  and  went  to  work  immediately,  directing  all 
the  studies,  sui'veys,  etc.,  and  having  his  plans  accepted. 

In  June,  1884,  he  was  married  in  Guatemala  City  to  a  young  lady 
of  Hungarian  parentage,  the  Baroness  Marta  de  Forckenbeck,  who 
survives  him. 

In  the  spring  of  1885  the  war  broke  out  between  Guatemala  aud 
Salvador  (in  which  the  President  of  Guatemala,  Don  Justo  Rufino 
Barrios,  was  killed),  which  suspended  the  railroad  work.  Mr.  Miller 
then  accejjted  the  position  of  Chief  Engineer  of  the  American  Dredg- 
ing Company,  on  the  Panama  canal,  where  he  remained  until  the  fall 
of  1887.  This  work  emjjloyed  what  were,  at  that  time,  the  largest  and 
most  powerful  dredges  ever  operated. 

From  Panama  he  went  to  work  on  his  own  mine,  "  La  Chinamita," 
in  Guatemala,  where  he  remained  until  1891.  In  that  year  Jose  Maria 
Reyna  Barrios  (nephew  of  Justo  Ruflna  Barrios),  the  late  President 
of  Guatemala,  who  was  assassinated  on  February  8th,  1898,  came  into 
power.  He  at  once  sent  for  Mr.  Miller  to  sign  the  contract  for  the 
construction  of  the  first  section  of  the  Northern  Railroad  of  Guate- 
mala. He  continued  the  construction  of  the  railroad  until  it  was  com- 
pleted to  the  end  of  the  fifth  section,  a  distance  of  135  miles,  in  the 
summer  of  1897.  Only  those  who  were  connected  with  the  actual 
building  of  this  road  will  ever  appreciate  the  difficulties  met  and  con- 
quered on  the  first  and  second  sections,  covering  the  tirst  50  miles 
from  the  coast,  and  that  it  ever  was  built  so  far  is  due  to  the  tenacious 
courage  and  ability  of  Mr.  Miller  and  the  American  contractors  who 
assisted  him.  Ruin  stared  him  in  the  face  more  than  once,  and  the 
climatic  conditions  were  enough  to  dishearten  the  bravest.  The  work 
had  reached  a  better  climate,  and  would  have  speedily  been  carried  to 
a  successful  conclusion,    had    not   political   troubles    precluded    the 
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tiuaucing  of  the  sclieme.  It  is  a  sad  commentary  that  these,  together 
Avith  a  gross  abuse,  on  the  part  of  some  of  his  associates  and  em- 
ployees, of  the  implicit  trust  he  placed  in  them,  should  have  lost  to 
him  the  financial  gain  he  had  so  hardly  earned. 

The  five  years'  residence  on  the  unhealthy  coast,  together  with  in- 
cessant work  and  worry,  had  so  undermined  his  health  that,  in  the 
fall  of  1897,  he  was  forced  to  go  North,  hoping  that  the  change 
would  bring  a  benefit  in  health.  On  December  14th,  1897,  he  caught 
a  slight  cold,  to  which  little  attention  was  paid,  but  after  24  hours  he 
was  declared  to  be  dangeroiisly  ill  with  pneumonia,  together  with 
heart  trouble,  of  which  he  died  December  17th,  at  12  o'clock,  at  the 
St.   Cloud  Hotel,  New  York  City. 

Among  the  government  officials  and  prominent  citizens  of  Guate- 
mala his  professional  services,  as  well  as  his  worth  socially,  were  highly 
appreciated.  His  death  was  as  deeply  and  universally  regretted  by 
them  as  by  his  friends  and  employees  among  the  Americans  and  other 
foreigners  in  the  country.  He  has  left  a  reputation  in  this  and  other 
republics  of  Central  America  of  which  his  relatives  and  friends  may 
well  be  proud. 

Mr.  Miller  was  elected  a  Member  of  the  American  Society  of  Civil 
Engineers  on  March  2d,  1887. 


GOUVERNEUR  MORRIS,  M.  Am.  Soc.  C.  E. 


Died  December  30th,  1897. 


Gouverneur  Morris  was  born  in  Pottsville,  Pa.,  November  5th,  1847. 
He  was  a  great-grandson  of  Robert  Morris,  the  financier  of  the  Amer- 
ican Revohition,  and  a  signer  of  the  Declaration  of  Independence. 
He  attended  the  jji-ivate  schools  of  Pottsville  where  he  early  developed 
a  jjredilection  for  civil  engineering,  inherited  from  his  maternal 
grandfather,  Samuel  Fisher,  who  was  one  of  the  most  prominent 
pioneer  engineers  of  the  anthracite  coal  basins  of  Pennsylvania,  whei'e 
his  two  sons,  Allen  and  Howell  Fisher,  also  became  prominent  in 
the  development  of  the  coal  and  iron  industries. 

Gouverneur  Morris  was  graduated  in  1867  at  the  Polytechnic  Col- 
lege of  Philadeli^hia.  In  1868  he  began  his  career,  as  an  Assistant 
Engineer  with  the  Philadelphia  and  Reading  Railroad,  on  the  Good 
Spring  Extension.  From  1870  to  1874  he  was  Resident  Engineer  on 
the  Chesapeake  and  Ohio  Railroad,  at  Huntington,  W.  Va. ,  Kanawha 
Division.  During  1875  he  opened  an  engineer's  office  in  Charleston, 
W.  Va.      In  1876  he  was  appointed  Mining  Engineer  to  the  Canneltou 
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Coal  Comijauy.  In  1879  he  was  employed  by  Professor  Leslie  ou  the 
Second  Geological  Survey  of  Pennsylvania.  In  1880  the  Northern 
Pacific  Railroad  Company  called  on  him  to  exploit  the  Yellowstone 
Valley,  and  their  coal  and  mineral  resources.  Upon  his  return  from 
the  Northwest,  he  was  apjiointed,  in  1881,  Assistant  Superintendent 
of  the  Lehigh  Coal  and  Navigation  Comi)any,  resident  at  Landsford, 
Pa.,  which  position  he  held  until  1887,  when  he  resigned  and  became 
Superintending  Engineer  for  one  of  the  principal  contracting  firms  on 
the  construction  of  the  New  Croton  Aqueduct. 

From  1890  to  1892,  he  was  Chief  Engineer  of  and  built  the  Johnson 
City  and  North  Carolina  Railroad,  in  Tennessee.  Dui'ing  1893  and 
1894,  he  was  engaged  in  mining  coal  and  iron  oi'e  at  Norton  and  Big 
Stone  Gap,  Va. ,  and  from  1894  until  his  death  he  was  in  the  employ  of 
the  Philadeljihia  and  Reading  Coal  and  Iron  Comj)any,  in  Detroit,  Mich. 

His  jjractical  energy  kept  him  so  constantly  in  the  field,  hard  at 
Avork,  that  he  had  little  time  for  literary  work,  and,  excepting  in  the 
■way  of  rejjorts,  current  and  professional  correspondence,  he  never 
wrote  anything  to  keep  his  memory  alive  in  print;  but  his  Avorks  are 
enduring  records  of  skilful  and  conscientious  execution.  Few  engi- 
neers of  his  day  could  comprehend  a  wider  horizon  for  industrial 
development  or  grasp  a  professional  emergency  and  meet  it  more 
quickly  and  adroitly  than  he. 

In  social  life  he  was  a  universal  favorite.  His  buoyant  disposition, 
cordial  manner,  sound  sense,  ready  memory  and  fund  of  information, 
his  bright  convei'sation,  always  sparkling  with  the  freshest  news,  won 
him  friends  and  admirers  wherever  he  went. 

Kindly  and  generous  to  a  fault,  always  ready  to  bear  a  hand,  to 
help  a  friend  or  assist  the  needy,  the  recollections  of  those  Avho  had 
the  good  fortune  to  know  him,  embalm  the  many  sterling  qualities 
which  he  possessed. 

Mr.  Morris  leaves  a  widow,  Avho  is  a  great  granddaughter  of 
George  Walton,  of  Georgia  (also  one  of  the  signers  of  the  Declaration 
of  Independence),  and  one  son. 

He  was  elected  a  Member  of  the  American  Society  of  Civil  Engineers 
ou  October  3d,  1888. 

EDWIN  GREEN  NOLRSE,  M.  Am.  Soc.  C  E.* 


Died  December  8th,  1897. 


Edwin  Green  Nourse  was  born  at  Peoria,  111.,  February  13th,  1849. 
His  father  was  Horatio  G.  Nourse.     In  early  life  he  came  with  the 
family  to  Moline,  111.,  where  he  attended  the  public  schools.     He  was 
*  Memoir  prepared  by  Charles  F.  Loweth,  M.  Am.  Soc.  C.  E.. 
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a  student  of  Griswold  College,  Davenport,  la.,  for  about  two  years 
from  1869  to  1871,  taking  a  special  course  in  mathematics  and  scien- 
tific branches. 

His  first  emplo^^ment  was  as  an  assistant  \mder  the  United  States 
Engineers  engaged  in  the  improvement  of  the  channel  of  the  Missis- 
sippi on  the  Eock  Island  Rapids.  In  the  autumn  of  1872  he  became 
associated  with  the  Government  engineers  engaged  in  the  improve- 
ment of  the  Illinois  River  on  the  Cojijieras  Creek  dam.  Soon  after  this 
he  was  employed  by  the  Chicago,  Milwaukee  and  St.  Paul  Railroad  on 
the  construction  of  its  northwestern  extension,  and  remained  on  this 
work  several  years.  Upon  its  completion  he  was  placed  in  charge  of  the 
line  from  Marion,  la.,  to  Council  Bluffs.  Some  time  later  he  was  Chief 
engineer  of  the  Chicago  and  Evanston  Railroad,  charged  with  procuring 
right  of  way,  and  the  work  of  construction  through  Chicago.  Later  he 
was  connected  with  the  depax'tment  of  maintenance  of  way  of  the  Santa 
Fe  Railroad  on  its  entrance  into  Chicago,  and  was  engaged  on  the  city 
constriaction  of  that  line.  In  1891-93  he  was  engineer  of  construction 
of  the  terminal  station  at  the  World's  Eair,  Chicago,  and  after  the 
completion  of  this  work,  during  the  Fair  and  afterward,  was  superin- 
tendent. He  then  entered  into  a  business  partnership  in  Chicago,  his 
firm  being  engaged  in  general  contracting.  Subsequently  he  went  to 
Winona,  Minn.,  where  he  had  previously  spent  some  time  and  where 
he  had  friends.  He  went  to  Moline  about  October,  1897,  intending  to 
plat  and  imjjrove  a  tract  of  city  property  there.  About  a  month  later 
he  became  assistant  engineer  of  the  Davenport  and  Rock  Island 
Bridge  Railway  and  Terminal  Company,  and  had  been  at  work  for  this 
company  about  two  months  when  he  was  killed  by  being  struck  on  the 
head  by  the  falling  mast  of  a  derrick,  at  Rock  Island,  111.,  on  the 
morning  of  December  8th,  1897. 

Mr.  Nourse  was  married  at  Winona,  January  21st,  1897.  He  leaves 
a  widow  and  an  aged  father,  but  no  other  near  relatives. 

Mr.  Nourse  was  a  prominent  mason.  He  was  a  member  of  Blue 
Lodge  and  Chapter  at  Winona,  and  of  Commandery  and  Consistory  at 
Chicago.  His  funeral,  held  at  Moline,  Friday,  December  10th,  1897, 
was  conducted  by  the  Masons  of  that  city.  Six  civil  engineers,  mem- 
bers of  this  Society,  acted  as  honorary  pall  bearers.  The  pall  bearers, 
in  fact,  being  old  friends  of  his  boyhood. 

Mr.  Nourse  left  an  unstained  record  as  an  engineer  of  thorough 
education  and  qualifications,  a  man  of  the  highest  personal  honor, 
and  a  gentleman  of  most  agreeable  quality.  He  was  elected  a  member 
of  the  American  Society  of  Civil  Engineers  on  September  3d,  1884. 
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FRANCIS  ENSOR  I'RENDERGAST,  M.  Am.  Soc.  C.  E.* 


Died  December  7th,  1897. 

Francis  Eusor  Preudergast.  was  born  at  Dublin,  Ireland,  October 
'28th,  1841.  He  was  the  only  son  of  John  P.  Prendergast,  Barrister,  of 
Dublin,  author  of  the  "  Cromwelliau  Settlement  of  Ireland,"  and 
other  Irish  historical  notes.  He  came  of  a  very  old  family  that  can 
be  traced  back  to  an  ancestor  who  came  over  to  England  with  the 
Normans  at  the  time  of  the  Conquest,  but  he  was  too  modest  ever  to 
refer  to  this  himself,  thinking  that  as  an  American  citizen  all  pride  of 
ancestry  should  be  biiried;  the  family  has,  however,  in  fact,  held  high 
social  po.sition  for  centuries.  He  was  graduated  in  Arts  and  from  the 
School  of  Engineering  of  the  University  of  Dublin  in  1863.  After 
graduation  from  college  he  traveled  quite  extensively  in  Germany, 
France,  Switzerland  and  Italy,  and,  owing  to  his  keen  observation  and 
judgment,  his  travels  were  very  profitable  to  him  in  his  professional 
career. 

In  1864  he  commenced  his  engineering  practice,  after  the  English 
fashion,  as  an  apprentice,  being  articled  to  the  engineer  in  charge  of 
the  Coalbrookdale  Railway  and  Craven  Arms  E.xtension  Railway,  in 
Shropshire,  England.  In  1865  he  was  Assistant  Engineer  of  the  City 
of  Glasgow  Union  Railway,  Scotland,  and  in  1867  Division  Engineer 
on  Construction. 

He  first  came  to  this  country  in  November,  1868,  and  brought  let- 
ters of  introduction  to  some  of  the  best  people  of  Boston  and  New 
York.  He  accepted  a  position  as  Locating  Engineer  of  the  Burlington 
and  Missouri  River  Railroad  in  Iowa.  In  1870  he  was  engaged  on  the 
preliminary  surveys  of  the  Oregon  Central  Railroad  from  Astoria  to 
Portland;  in  1871,  Engineer  in  charge  of  construction  of  the  Oregon 
and  California  Railroad,  between  Harrisburg  and  Pass  Creek,  44  miles; 
in  1872,  Locating  Engineer  of  the  Oregon  Central  Railroad,  from  Forest 
Grove  to  Junction  City,  100  miles.  In  1873  he  was  Resident  Engineer 
on  the  construction  of  the  Chicago  and  Northern  Pacific  Air  Line  Rail- 
road, from  GencA'a  Lake  to  Jefferson,  Wis.,  35  miles;  in  1875,  Chief 
Assistant  Engineer  of  the  Chicago  and  North  Eastern  Railroad,  from 
Flint  to  Lansing,  Mich.  In  1877  he  was  engaged  on  surveys  for  monu- 
menting  the  City  of  Omaha.  In  1878-79  he  was  Locating  and  Resident 
Engineer  on  the  construction  of  the  Republican  Valley  Railroad,  in 
Nebraska. 

In  1881-82  he  was  Assistant  Engineer  on  the  New  York  and  New 
England  Railroad;  in  1884,  Locating  and  Constructing  Engineer  of  the 

*  Memoir  prepared  by  David  W.  Cunningham  and  H.  N.  Savage.  Members,  Am.  Soc.  C.  E. 
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Mahopac  Falls  Railroad,  N.  Y.  In  1885-86  be  was  engaged  on  the 
Cliicago,  Burlington  and  Northern  Railroad,  as  resident  engineer  of 
the  Galena  River  Drawbridge,  and  from  East  Dubuque  to  Glen  Haven, 
Wis.,  37  miles.  In  1887  he  was  Locating  Engineer  in  Iowa  for  the  same 
railroad. 

He  was  Assistant  Engineer  with  the  New  York  and  New  England 
Railroad,  in  1887  and  until  August,  1888,  when  he  went  to  Sault  Ste. 
Marie  as  Resident  Engineer  for  the  St.  Mary's  Falls  Water  Power  Com- 
pany, remaining  until  November,  1889,  when  work  was  stojiped  for 
lack  of  funds. 

In  the  winter  of  1889  he  accepted  a  sittxation  with  the  San  Diego 
Land  and  Town  Company  as  Horticultural  Superintendent,  in  which 
capacity  he  developed  the  pioneer  details  of  soil  preparation,  selection 
of  trees,  contour  arrangement,  setting  out  and  care  for  the  first  citrus 
groves  of  any  magnitude  in  San  Diego  County,  Cal.  In  this  field, 
as  in  all  other  work  undertaken  by  him,  his  natural  ability  and  fore- 
.sight  has  been  highly  exemplified;  the  pioneer  methods  introduced  by 
him  at  that  time  are  the  universal  practice  and  the  most  successful  at 
present. 

Failing  health  necessitated  a  change  in  residence,  and  in  1893  he 
resigned  his  position  and  moved  to  Redlands,  Cal.,  where  he  resided 
until  his  death,  his  time  being  taken  up  with  the  care  of  his  extensive 
citrus  groves. 

Mr.  Prendergast  was  a  very  attractive  writer,  and  found  time  from 
his  exacting  duties  to  be  a  frequent  writer  for  the  press,  contributing 
valuable  technical  papers  to  the  engineering  and  literary  magazines. 
His  work  on  the  details  of  Railway  Construction,  published  serially  in 
the  Railroad  Gazette,  is  well  known  and  highly  appreciated.  He 
Avas  also  a  correspondent  of  Dublin  and  Belfast,  Ireland,  newsjiapers, 
and  contributed  three  very  excellent  articles  for  Harper'a  Magazine,  on 
"  Railroads  in  Mexico,"  in  July,  1881;  "The  Canadian  Pacific  Rail- 
road and  the  New  Northwest,"  in  August,  1882,  and  "  Transcontinental 
Railways,"  in  November,  1883. 

He  was  very  careful  and  accurate  in  all  his  work,  and  his  judgment, 
in  all  matters  that  came  under  his  investigation,  was  of  the  best.  He 
never  gave  an  oi^inion  that  was  not  carefully  considered,  and  his  state- 
ments were  generally  correct;  he  was,  therefore,  an  excellent  adviser. 
He  was  respected  and  beloved  by  all  who  knew  him  for  his  genial 
manner  and  sterling  integrity.  He  was  modest  and  unassuming,  and  but 
for  his  retiring  disposition  he  might  have  risen  to  greater  distinction. 

Mr.  Prendergast  married  Mary  A.  Childs,  of  Henniker,  N.  H.,  on 
August  20th,  1873,  and  leaves  his  widow  and  seven  children,  five  boys 
and  two  girls. 

He  was  elected  a  Member  of  the  American  Society  of  Civil  Engi- 
neers, March  7th,  1888. 
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EDWARD  CURTIS  RICE,  M.  Am.  Soc.  C.  E.* 


Died  Ai>kil  21st,   1898. 


Edward  Curtis  Rice,  sou  of  Martin  and  Betsey  (Gibbs)  Rice,  was 
born  July  9th,  1829,  in  Framingham,  Mass.  He  was  ediicated  in  the 
l)ublic  schools  of  his  native  town,  attending  the  Framingham 
Academy  under  Marshall  C'ouant,  a  man  of  more  than  ordinary  gifts 
in  mathematics,  and  the  Saxouville  Academy  under  the  Rev.  Mr. 
Bagnall.  From  both  of  these  teachers  he  received  valuable  instruc- 
tion preparatory  to  the  profession  of  a  civil  engineer,  working  through 
the  Calculus  at  nineteen  years  of  age,  under  Mr.  Bagnall.  He  after- 
ward attended  Thetford  Academy  and  there  pursued  sti;dies  fitting 
him  for  his  life  work. 

In  1847  Mr.  Rice  was  Assistant  to  Marshall  Couaut,  Civil  Engineer, 
on  the  Boston  and  Cochituate  Water-Works  under  Mr.  Chesbrough. 
Eugineer-in-Chief.  After  the  Boston  Water-Works  were  finished,  he 
continued  to  work  and  study  with  Mr.  Conant,  working  on  railroads 
in  New  Hampshire  and  Massachusetts. 

In  1851  he  removed  to  Dubuque,  la.,  and  was  associated  with 
Sereno  Dwight  Eaton,  Civil  Engineer.  Since  that  time  he  had  been 
engaged  in  the  location  and  construction  of  railroads,  among  w  hich 
are  the  following:  As  Assistant  Engineer:  on  the  Mississijjjii  and  At- 
lanta Railroad,  the  Hannibal  and  St.  Joseph  Railroad,  and  the  Keokuk 
and  Des  Moines  Railroad.  As  Chief  Engineer  on  the  Ohio  and  Missis- 
sippi Railroad,  the  Cairo  and  Vincennes  Railroad,  the  Louisville. 
Evansville  and  St.  Louis  Railroad,  the  Paduca,  St.  Louis  and  Chicago 
Railroad,  and  the  St.  Louis,  Vandalia  and  Terre  Ha^^te  Railroad. 
He  had  as  Assistant  of  late  years  his  nejihew,  Edward  M.  Rice. 
Early  in  his  engineering  work  he  prepared  and  published  a  work 
called  "  Tables  for  Calculating  Excavation  and  Embankment." 

In  the  late  Civil  War  he  served  as  Engineer  on  the  staff  of  General 
A.  A.  Humphreys,  5th  Corps  of  the  Army  of  the  Potomac,  and  on 
General  Mead's  staff  until  November,  1863.  He  was  recommended  to 
General  Humphreys  by  Charles  Sumner. 

Mr.  Rice  had  lived  in  St.  Louis  for  nearly  thirty  years,  highly  re- 
spected by  all  as  a  pure  and  upright  man,  standing  high  in  his  pro- 
fession, and  as  a  model  husband  and  father.  He  died  on  April  21st, 
1898,  of  Bright's  disease,  and  was  buried  in  Bellefontaine  Cemetery 
at  St.  Louis,  Mo. 

Mr.  Rice  was  elected  a  Member  of  the  American  Society  of  Civil 
Engineers  on  April  7th,  1875. 

*Memoir  prepared  by  Gteorge  Rice,  Esq. 
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WILLIAM  NOYES  TAINTOR,  Juii.  Am.  Soe.  C.  E. 


Died  Apeil  8th,   1H9H. 


William  Noyes  Taintor  was  born  in  New  York  City,  May  8tli,  1870, 
where  lie  spent  all  of  Ms  early  life.  He  was  the  son  of  Mr.  and  Mrs. 
Henry  F.  Taintor,  of  New  York  City.  He  was  educated  at  the 
Brooklyn  Poly technic  Institute  and  private  schoolsin  NewY'^ork,  and  at 
the  Columbia  College  School  of  Mines,  from  which  he  was  graduated 
in  1894.  During  the  summer  of  1895  he  was  Instructor  in  surveying, 
in  the  Columbia  College  Summer  Schools  at  Litchfield,  Conn. 

In  January,  1896,  Mr.  Taintor  received  the  second  highest  general 
average  for  the  rank  of  Leveler,  at  the  Civil  Service  Examinations  at  Al- 
bany, for  service  on  the  State  canals,  and  was  appointed  to  the  first 
section  of  the  Oswego  Canal,  where  he  was  engaged  in  jjreliminary 
surveys  and  estimates.  In  June  he  was  given  charge  of  the  party 
which  completed  the  estimates  of  quantities  and  prepared  the  plans 
for  the  improvement  of  that  part  of  the  Oswego  Canal.  In  December, 
1897,  Mr.  Taintor  was  assigned  as  Engineer  in  Charge  of  the  construc- 
tion of  the  Canaserega  culvert  of  the  Erie  Canal,  where  he  remained 
until  the  following  May.  In  September,  1897,  after  having  passed  the 
Civil  Service  examinations  for  a  higher  office,  he  was  appointed  Assist- 
ant Engineer  on  the  canal  improvement  work  and  assigned  as  Engineer 
in  charge  of  contract  No.  21,  8^  miles  in  length,  in  the  vicinity  of 
Oneida,  N.  Y.  While  engaged  upon  this  work  he  contracted  a  heavy 
cold  which  resulted  in  pleuro-pneumonia,  ending  after  a  brief  sickness 
of  two  weeks  in  his  untimely  death  at  the  age  of  twenty -seven  years 
and  eleven  months. 

Mr.  Taintor  was  deej^ly  interested  in  his  work  on  the  canals,  and 
enjoyed  the  universal  respect  of  his  associates.  He  had  the  confidence 
of  his  superior  officers  and  of  his  mates.  His  favorite  study  was  hy- 
draulics and  sanitary  engineering,  and  he  found  time  to  devote  to  the 
close  study  of  these  subjects,  even  while  burdened  with  the  active 
duties  of  his  position.  Tall  and  commanding  in  stature,  his  asso- 
ciates and  friends  found  his  heart  and  loyalty  even  larger  than  his 
frame  would  jirdmise. 

Mr.  Taintor  was  elected  a  Junior  of  the  American  Society  of  Civil 
Engineers  on  September  3d,  1895. 

♦Memoir  prepared  by  J.  C.  Wait,  M.  Am.  Soc.  C.  E. 
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